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FOREWORD 


The Indian National Science Academy, since its inception, has passed through different 
phases during the growth and development of science and technology in India. The 
priorities in our national endeavour have been reflected in the expression of thoughts 
and activities in the forum of the Academy. It has been a most rewarding and valuable 
experience for me to read the addresses delivered by my predecessors, from time to 
time, during the tenure of their Presidency. Their ideas and discoveries represent 
milestones in the progress of science and technology in this subcontinent. 

The public in general visualizes a scientist as one b'ving in isolation in his laboratory, 
engaged in the pursuit of truth. But this vision of private pursuit of science of an indi¬ 
vidual is rather misleading. Generalization in science is a slow cumulative process and 
very few scientists and their ideas stand alone in the stream of time. Science in no case 
is private, but, on the contrary, it is public and a heritage of humanity. Scientific works 
gradually become discoveries when recognized and accepted by peers in the field and 
ultimately enter into the fabric of accepted truths. In this process of acceptance and 
acknowledgement, the role of the Academy is immeasurable. Since its inception the 
Indian National Science Academy, formerly termed the National Institute of Sciences 
of India established in 1935, has been continually engaged in promotion of this objective 
and the role of the successive presidents has been of paramount significance. 

Science and technology can impart a lesson which is profound and meaningful and 
one can no longer question its validity. The successful growth and development of the 
nation depend to marked degree <m the extent to which science and technology are 
interwoven in the basic issues of national planning. Fortunately in India, utilization of 
science and technology in programmes of development is enshrined in the constitution. 
The presidents of this Academy, which is the highest scientific organization of this 
country and the adhering organization of the International Council of Scientific Union, 
have, as expected, been deeply involved in the exercise of setting national priorities 
in planning. 

It is in this context that several issues, which are of national importance, have been 
highlighted by the distinguished presidents from time to time. General topics of common 
interest, like Science and education, Interfiice between science and engineering and an 
Appraisal of the progress of science in India have been discussed with remarkable 
clarity and deep insight. The projection for our national planning and its stepwise 
followup have also been mooted under the aegis of this august organization. There 
has been an introspection from time to time by my predecessors on the role of Academy 
in relation to the realization of its objective of promoting excellence, projection of 
Indian Science in International forum, generating a temper of science in this country 
and lastly safeguarding the interest of scientists of India. A matter of serious considera¬ 
tion at present is its relationship with the government as the highest autonomous 
scientific organization of this country. 
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In several areas of science, there have been excellent discourses which served as pace 
setters for future progress. The ideas in relation to conservation of wild life, so essential 
for ecological stability, a precise delineation of distribution of animal population in 
India or of medicinal and economic plants, which in the present decade forms one of 
the thrust areas of research, were expressed with due emphasis. Very enlightened lectures 
were delivered on frontiers of medicine, occupational cancer, as well as health and 
family planning with projection for the future. The achievements of Indian scientists 
in wheat and roses, symbolizing agriculture and horticulture, have been presented with 
artistry and accuracy—an essential document for posterity. 

It is on the platform of the Academy again that the problem of Indian rivers, including 
their management, was highlighted leading later towards the basic documents for 
various river valley projects in the country. The Fellowship was appraised of the possibi¬ 
lity of the exploration of upper atmosphere and space and launching of artificial satel¬ 
lites, more than two decades back. The same holds good frnr the solar control of the 
atmosphere. 

Technical issues, such as the chemistry of the natural products like coumarin and flavo- 
noids or the methodology for the correlation of Archaean rocks, also formed the themes 
of some of the most illuminating addresses. The emergence of new biology was visualized 
with the realization of biology conxing of age as a conceptual and quantitative science. 
The Fellowship was also addressed on the fundamentals of the basic philosophy of 
scientists—the search for truth or the human implication of science. 

This compilation of addresses is a remarkable mixture of general ideas, technical details, 
and is^s of national relevance—all presented in a fashion that each proclaims the 
master. It is one o£ the most prestigious publications commemorating the Golden Jubilee 
Celebrations of the Academy. The purptwe of this endeavour would be fulfilled if the 
readers have the patience to read, the time to thmk and analyze die issues, raised at a 
given period <rf“ time by the past preadents of the Academy. It is through such a process, 
that the beauty and unity of their thoughts are revealed through the apparent diversity 
of their egressions. 


A K. Sharma 
President 

Indian Motional Science Academy 
Mew Delhi 


16.1.1984 



Sir Lewis Leigh Fermor, FNA* 

(Foundation fellow; President 1935-36) 
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Sir Lewis L Fermor was born in Peckbam 
near London on September 18, 1880. He 
was awarded the first class Associateship in 
]M!etalliirgy from Royal School o£ MLines 
in 1901. He joined Geological Stirvey oF 
India in 1902 and after serving GSI in 
varioixs capacities, he retired as its Director 
in 1935 at the age of 55. He was the first 
President of the National Institute of 
Sciences (now Indian National Science 
Academy, 1935-36), the Fellow of the 
Royal Society of London (1934-) ; President, 
Indian Science Congress (1933), Ivlining 
and Geological Institute of India (1922), 
Asiatic Society of Rengal (1933) and 
Institute of M[ining and Mietallurgy, 
London (1951). He was awarded ‘Rigsby 
Tvledal’ of Geological Society, London 
(1921), the first ‘PN Rose’ IVIedal of the 
Asiatic Society of Rengal and was made 
a Rnight Rachelor (1935). 

His msyor interest was in Archaean 
geology and in the different types of 
igneous and metamorphic rocks occurring 
in the different regions of India. His 
principal contribution was to the pre- 
cambrian rocks of Peninsular India, 
particularly in MEadhya Pradesh and 
M!aharashtra, with their rich mineral 
wealth. 


♦died in 1954. 
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tnangiiral Address to the National Institute 
of Sciences of India 


THE ORGANISATION OF SCIENTIFIC RESEARCH IN INDU 

L L Fermor 

(delivered at Calcutta, 1935) 


I. Introduction 

My first duty, a duty that is also a pleasure, 
is to thank the Fellows of the National 
Institute of Sciences of India for the great 
honour they have done me in electing me 
their first President. In accepting this office 
I feel a heavy sense of responsibility; for 
in the first year of a new organisation 
many points have to be decided and 
precedents to be created that must inevi¬ 
tably affect the future procedure and 
history of the society. But you may be 
assured that I shall do my best to justify 
the trust you have placed in me. 

Normally the President at the Annual 
General Meeting \\nll probably think it 
suitable to deliver an address, of which 
the major theme will bear upon his own 
science: probably taking account also of 
related sciences This, however, is not an 
Annual General Meeting, but an Inaugural 
Meeting, at which an address on my own 
subject, geology, would be unsuitable. 
Instead it is desirable to clarify our ideas 
about our National Institute: and this 
can best be done by sketching briefly the 
development of scientific research in India 
so as to show the position of our National 
Institute of Sciences with reference to other 
scientific organisations: followed by a dis¬ 
cussion upon what our National Institute 
should do. On attempting to construct a 
continuous story, I found, however, that 
it would prove too long for one address; 
and as I am due to give a Presidential 
Address to the Asiatic Society of Bengal 
on February the 4th, and as the Asiatic 
Society has been the pioneer in scientific 
research in India, it appeared to me 
suitable to divide my subject into two 


sections and to give to the Asiatic Society 
the portion dealing with the development 
of science in India up to the end of the 
19th century, discussing on the present 
occasion the developments in the present 
century leading to the foundation of this 
National Institute of Sciences of India. 
Although this course is like putting the 
cart before the horse it is obviously suitable 
in view of the dates of founding of the 
Asiatic Sodety and the National Institute 
respectively. 

Development of Science in Europe: In the 
second address I refer to the birth of 
science during the golden age of Greece 
in the period 450 to 400 b.c. in Athens, 
to the period of darkness that descended 
upon the world after the break up of the 
Roman Empire, until the Renaissance or 
rebirth of learning in Europe in the 13th 
to 16th centuries, leading to the founda¬ 
tion of the Royal Society of London m 
1660 and of the Acadimie recede des sciences 
in France in 1666. I mention particularly 
that the French Academy of Sdences now 
forms with four other Academies for other 
branches of learning what is now called 
the Institute of France, but which, at an 
earlier stage of its existence, had a longer 
title, namely L ‘Instiiut nationale des sciences 
et des arts', that is to say, ‘The National 
Institute of Sciences and Arts*. 

Hindu and Arab contributions: I mention also 
the part played by the Hindus and the 
Arabs in their contributions to science 
during the dark ages in Europe; that 
Hindu science appears to be partly indi¬ 
genous and pre-Greek and partly based 
on Greek influence; and that Arab 
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science was built upon Greek and Hindu 
science. 

The Asiatick Society: I mention also that 
the introduction of western science and 
learning into India appears really to date 
jfrom the arrival in Calcutta of Sir William 
Jones, a Puisne Judge of the Supreme 
Court at Fort William in Bengal in 1783, 
followed by the foundation in 1784 of the 
Asiatick Society, a society for the study 
of the antiquities, arts, sciences, and 
literature of Asia. 

The Indian Museum: I allude to the various 
oiishoots from the activities of what is now 
called the Asiatic Society of Bengal in the 
foundation of the Royal Asiatic Society of 
Great Britain and Ireland, with the esta¬ 
blishment of branches at Bombay, Madras, 
Colombo, and Singapore; of the founda¬ 
tion of the Indian Museum based on the 
collections of the Asiatic Society, and of 
the establishment of various scientific 
departments of the Government of India, 
some of which can be traced directly to 
the influence of the same Society. 

Scientyic Services: I mention also that the 
oldest scientific services in India appears 
to have been Trigonometrical Survey of 
the Peninsula in 1800, changed to the 
Great Trigonometrical Survey in 1818— 
now the Geodetic Branch of the Survey 
of India—, and the Geological Survey of 
India, fomided in 1851. These two Depart¬ 
ment^ with the Medical Services, appear 
to have been the pre-mutiny, i.e. pre- 
Crown, sdentific services of India, There 
were also Assay Masters at His Majesty’s 
Mint, Calcutta, at least as early as 1792. 
I also mention that the oldest universities 
are those of Bombay, Calcutta, and 
Madras, all founded in 1857. 

Societies: Although by the end of the 19th 
century several scientific services had been 
formed in India and had established their 
own journals, memoirs, and records, yet 
their officers still contributed freely to the 
publications of the Asiatic Society of 
Bengal, which continued to be a great 


depository of the results of research in all 
branches of science and letters. In fact, 
until the end of the 19th century there 
were hardly any other scientific societies, 
not to mention scientific societies of note; 
but amongst them the Bombay Natural 
History Society, founded in 1883, held 
and still holds a notable place. Mention 
should also be made of the Indian Asso¬ 
ciation for the Cultivation of Science 
established in Calcutta in 1876 and 
formerly engaged mainly in teaching, but 
now a research association. 

n. The Development of Scientific Re¬ 
search in India in the Twentieth 

Century 

A. Specialist Organisations 
Specialist Societies: In the present century 
we have entered on a new stage in the 
development of scientific research in India, 
a period characterised by the formation of 
numerous specialist scientific societies and 
numerous Government research institutes. 
In the matter of specialist scientific societies 
the geologists gave an early lead with the 
foundation of the Mining and Geological 
Institute of India in 1906. The Indian 
Mathematical Society was started in 1907 
in Poona as the Indian Mathematical 
Club; at present the office thereof is in 
Nagpur, whilst the Society’s Journal is 
puMish^ in Madras. This was followed 
by the Instituticm of Engineers (India), 
founded in 1921, with its head quarters in 
Calcutta, but with branches at several 
other important towns; the Indian 
Botanical Society, with a peripatetic 
headquarters, but with a journal published 
in Lucknow, was also founded in 1921; 
the Indian Chemical Society, with its 
headquarters in Calcutta, was founded in 
1924, as also the Geological, Mining, and 
Met^lurgical Society of India; whilst in the 
past year, three all-India societies have 
been founded in Calcutta, namely the 
Indian Physical Society, the Indian Society 
of Soil Science, and the Indian Physiolo¬ 
gical Society. There is also the Society of 
Biological Chemists founded at Bangalore 
and the Institution of Chemists (India) 
founded in Calcutta in 1927; and of 
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societies of more restricted geographical 
scope, one may mention the Calcutta 
Mathematical Society founded in 1908. 

Research InsHiutes: In addition to the 
Grovemment scientific services supported 
by fiinds from Central Revenues, there 
are also in India several research institu¬ 
tions similarly supported. Of these we may 
enumerate in chronolo^cal order of foun¬ 
dation the Imperial Institute of Veterinary 
Research at Muktesar, which ccnnmenced 
life as the Imperial Bacteriological Labora¬ 
tory at Poona in 1890, moved to Muktesar 
in 1893, and assumed its present title in 
1925: the Imperial Agricultural Research 
Institute at Pusa (1903): the Central 
Research Institute at Kasauli (1906) • 
the Imperial Forest Research Institute at 
Dehra Dun (1906): and the All-India 
Institute of Public Health and Hygiene 
in Calcutta (1934). There are also several 
other well-known research institutions 
principally medical, provincially adminis¬ 
tered, at which high-class research work 
is in progress, e.g. the School of Tropical 
Medicine, Calcutta, and the Haffkine 
Institute, Bombay. 

Further, there is the Indian Institute of 
Science at Bangalore founded in 1911 and 
supported mainly by private bequests 
supplemented by Government grants and 
directed to research and advanced scientific 
education. 

The Universities: Finally, we must mention 
the Universities, which, as their title 
indicate, may be concerned with all 
branches of knowledge. The oldest uni¬ 
versities in India are those of Bombay, 
Calcutta, and Madras, all of which were 
founded in 1857, followed by the 
Uruversity of the Punjab in 1882 and 
University of Allahabad in 1887. In 
addition, during the present century a 
considerable number of additional uni¬ 
versities have been founded. In these 
universities chairs of Mathematics, Chemis¬ 
try, and Physics are almost universal and, 
in addition, most universities have chairs 
of Botany and Zoology, but only a small 


proportion of them have chairs of Geology. 
During the past decade much work of high 
quality has come from the universities, 
but happily the tendency is for our 
university friends to offer the resiJts of 
their researches for publication by one of 
the existing scientific societies rather than 
for the universities to start their own 
journals. 

B. Co-ordinating Organisations 
With this multitude of new bodies—servi¬ 
ces, societies, universities, research 
institutes—coming continuously into being, 
with a resultant tendency towards greater 
and greater specialisation and consequent 
isolation of workers, there is an increasing 
need for organisations directed to counter¬ 
acting fissiparous tendencies so as again to 
bring men of science and other branches of 
learning back to a common fold providing 
for a fi:ee exchange of views: a result that 
can be secured either on a comprehensive 
basis enabling the co-operation of all 
branches of learning, or at least of all 
branches of science, or upon a compart- 
mental plan in wWch ^ed groups of 
sciences are brought together. 

At the beginning of this century the only 
organisation directed to this end in a really 
comprehensive manner was the Asiatic 
Societjr of Bengal, to which abundant 
reference has already been made. 

The Board of Scientific Advice: In 1902, 
however, the Government of India made 
provision for the co-ordination of official 
scientific enquiry in a Board of Scientific 
Advice. This Board was formed in accor- 
ance with a Government of India Resolu¬ 
tion dated 28th August, 1902, the Board 
consisting originally of the following 
officers: 

The Surveyor-General of India, 

The Meteorological Reporter to the Government 
of India and Director General of Observatories. 
The Director, Geolo|pcal Survey of India. 

The Director, Botanical Survey of India. 

The Superintendent, Natural Historical Secticm, 
Indian Museum (now the Director, Zoological 
Survey of India). 

The Inspector-General of Forests. 

The In^»ectoirGeneral of Agriculture, 
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The Inspector-General, Civil Veterinary Depart¬ 
ment. 

The Reporter on Economic Products to the 
Government of India. 

In addition, the Secretary to the Govern¬ 
ment of India in the Department of 
Revenue and Agriculture was ex-officto 
President, whilst the Director, Botanical 
Survey of India, was Secretary. 

This Board met periodically, discussed 
problems of common interest, and 
published an Annual Report in which the 
progress of research in India by Govern¬ 
ment institutions during the year was 
summarised subject by subject. These 
Annual Reports though departmental and 
confined, as was natural, almost entirely 
to work done under oflScial auspices, were 
of considerable value; but the activities 
of the Board were suspended in 1924, and 
have not since been resuscitated. The 
reports of the Board were communicated 
through the Secretary of State for India 
to the Royal Society, who appointed an 
Advisory Committee to consider them, and 
who from time to time furnished the 
Board and the Government of India with 
valuable suggestions and advice. 

Tliere is now no official Council of Scientific 
Research in India dealing with science 
as a whole, although there are two official 
councils dealing with important sections of 
scientific research. One is the Indian 
Research Fund Association and the other 
the Imperial Council of Agricultural 
Research. 

Indian Research Fund Association: The Indian 
Research Fund Association was founded 
in 1911, is located in Delhi and Simla, and 
is in receipt of funds firom the Central 
Government now enormously reduced as a 
measure of retrenchment. It is entrusted 
with the duty of organising medical 
research at several research institutes 
throughout India and of deciding the 
allocation of available funds. In this the 
Association takes the advice of an ‘Annual 
Research Workers’ Conference, held in 
Calcutta, 


Imperial Council of Agricultural Research: The 
Imperial Council of Agricultural Research 
was formed in 1929 as a result of the Report 
of the Royal Commission on Agriculture, 
and is in receipt of a substantial annual 
Government grant for purposes of research 
in agriculture including veterinary re¬ 
search. The funds are allocated to agricul¬ 
tural and veterinary research organisations 
throughout India, the Council holding 
periodic meetings in Delhi and Simla for 
the purpose of determining this allocation. 

The Indian Science Congress Association: The 
isolation of certain scientific workers, to 
which I have already alluded, is partly the 
geographical isolation of those who live in 
places where there are but few scientists, 
and partly the specialist isolation of large 
numbers of scientists one from another due 
to their specialisation. In order to counter¬ 
act to some extent both forms of isolation 
Prof J L Simonsen of Madras and Prof 
P S MacMahon of Lucknow, both Profe¬ 
ssors of Chemistry, proposed in 1911 the 
formation of an Indian Association for the 
Advancement of Science, analogous to the 
British Association, As a result, the Indian 
Science Congress was bom, the inaugural 
meeting being held in 1914 m the rooms 
of the Asiatic Society of Bengal under the 
patronage of Lord Carmichael and the 
Presidentship of Sir Ashutosh Mookeijee. 
This Congress, which has since become 
an Association, meets annually, moving 
from one important city to another on a 
plan analogous to that adopted by the 
British Association, so that during 22 years, 
10 different centres of research have been 
visited. The great success of this organisa¬ 
tion is shown by the large numbers of 
scientists from all parts of India who now 
attend the annual sessions and the corres¬ 
ponding magnitude of the annual volume 
of published Proceedings. Although in its 
annual activities the Association is peripa¬ 
tetic, yet it requires a permanent office, 
and this, in fact, is provided in Calcutta 
by the Asiatic Society of Bengal, which 
acts as the mmaging body of the Congress. 
There can be little doubt that the Indian 
Science Congress has proved of very great 
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benefit in promoting intercourse between 
the scientists of all parts of India and all 
sciences, thereby mitigating both forms of 
Violation. But this Association meets only 
once a year, and it is for one week only 
during 52 that scientists are afforded the 
opportunity for this fruitful intercourse. 
During the rest of the year, the centres of 
research tend to remain in geographical 
isolation one from another, and at those 
centres, particularly at the larger ones, the 
scientists return firom the Congress to their 
specialist isolation, making use as far as 
posable of specialist societies. 

The Academies: There is no doubt that 
there is a great need for the existence, at 
the important centres of scientific research, 
of bodies in which workers in various 
branches gather not for the reading of 
specialised papers dealing with minor 
details and specialist problems, but for 
the reading and discussion of papers 
with broader outlines and for the inter¬ 
change of views. This brings us to the 
Academy. 

During the past year the word Academy 
has b^n much before us, and to many 
this term has appeared as a desirable fhiit, 
so that some of the Foundation Fellows of 
our National Institute, and also some of 
those who have not yet become Fellows, 
have expressed their disappointment that 
we have selected the term Institute rather 
than the term Academy. 

Meaning of the term Academy: It seems desira¬ 
ble, therefore, that we should first enquire 
what the word Academy means. It will 
surprise most of you to learn that the first 
Academy was a pleasure garden in Athens 
which is supposed to have belonged to an 
ancient Attic hero named Academus. The 
garden was walled in by Hipparchus, 
and eventually bequeathed as a public 
pleasure ground by Cimon to his fellow- 
citizens of Athens. In this garden the 
Greek philosopher Plato taught for nearly 
50 years; and the Academy thus started 
lasted firom the days of Plato to those of 
Qliceroj that iSj for over 300 years. 


A philosopher''s garden: We see thus that the 
original Academy dated from about 400 
B.G. and WM a garden utilised for philoso¬ 
phic teachings and discussions. It was 
essentially a place where any branch of 
knowledge could be discussed, and was 
completely different from our specialised 
societies of to-day. In this original Academy 
the old philosophers must have discussed 
arts and letters, mathematics, and science, 
as well as philosophy strictly so called; 
so that a true Academy, without qualifica¬ 
tion, should be on eis broad a basis. The 
Asiatick Society, now the Asiatic Society 
of Bengal, is one of the few institutions 
that complies with such a definition, and 
it is essentially an Academy of arts, letters, 
philosophy, and sciences. Another pdnt is 
that an Academy was essentially a place 
where philosophers could meet and discuss 
problems, being essentially suited for 
personal and local utilisation. From this 
aspect, therefore, an attempt to found an 
Academy to serve so large an area as the 
whole of India is probably misdirected 
effort, until rapid means of transport 
become very much cheaper than they are 
at present. From this consideration it seems 
also to follow that the promotion of the 
regular intercourse of the men of letters and 
science throughout India is only feasible 
in the first instance on a regional basis, so 
that each important region, in which there 
IS any volume of research, should have its 
own Academy, preferably of both science 
and letters jointly, but otherwise Academies 
of science and letters separately. It is 
impossible to foresee at present what 
number of Academies of Science so large a 
country as India really needs. It will be 
for the scientists in different parts of India 
to settle this by deciding whether they 
prefer to walk and talk in their own gardens 
of philosophy, or to make use of distant 
gardens by means of the letter-box and the 
printed page. 

While Academies, if we go to the original 
meaning, must, therefore, function locally 
or regionally in the most important 
portion of their activities, they can also 
le^timately make a wider appeal j fqx 
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now-a-days Academies also undertake the 
publication for general information of the 
results of original researches carried out by 
their members, and for this reason 
Academies may legitimately expect to 
secure a wider membership than only local 
utility would encourage. The Asiatic 
Society of Bengal, originally founded as 
the Asiatick Society, with the intention of 
investigating within the geographical limits 
of Asia ‘whatever is performed by man, 
or produced by nature’, has as the result 
of its researches secured a membership 
that is not only all-India but international. 
Nevertheless the major benefits of its 
activities accrue to those who are within 
easy reach of its headquarters, and even¬ 
tually the Society has had added to its 
name for purposes of identification a 
territorial or local designation, so that it 
is now called the Asiatic Society of Bengal, 
in the same way as the Royal Society is 
the Royal Society of London as distinct 
firom the Royal Society of Edinburgh. In 
practice, however, the Asiatic Society 
caimot hope to cater for the frequently 
recurring (say monthly) needs of the whole 
of India and, therefore, can have no feeling 
of jealousy towards other bodies of 
Academy rank founded in other parts of 
India. 

The United Provinces Academy of 
Sciences, founded at Allahabad in 1930, 
was, therefore, on this argument, a desir¬ 
able creation to provide for the meeting 
of students of all branches of science in 
Northern India. This Academy has al¬ 
ready secured numerous members out¬ 
side the geographical limits of the United 
Provinces, so that its activities, like those 
of the Asiatic Society of Bengal, are partly 
local or r^onal and partly all-India. 

When in 1933, the proposal was mooted 
to ibuod an Indian Academy of Sciences, 
some of us overlooked the fact that there 
were already two such Academies in 
existence,—one called the Asiatic Society 
of Bengal and the other the United Pro¬ 
vinces Academy of Sciences. The proposal, 
therefore, to found a thkd Indian Aca¬ 


demy, which was entrusted to a Com¬ 
mittee appointed by the Indian Science 
Congress, logically meant either the 
creation of a fresh garden in another part 
of India, or of a body to co-ordinate the 
already existing gardens. Our friends in 
Bangalore knew all the time that they 
needed a Society of Academy status with 
its headquarters in Bangalore. Had they 
boldly said so at the beginning, the con¬ 
fusion that has arisen in scientific 
circles during the past year would have 
been avoided, because it is obviously 
correct that Southern India should have 
its own philosopher’s garden. However, 
Bangalore did not do this, so that the 
general problem was entrusted to the 
Academy Committee appointed ad hoc 
by the Indian Science Congress. When 
this took place logic necessitated, though 
the position had then been analysed by 
no one, the formation of an Academy of 
Sciences in Southern India, and possibly 
of others in Western India, and the 
Punjab, and then the formation of a co¬ 
ordinating body for all the Academies, 
three, four or five in number. 

Object as we may to the manner in which 
oiu Bangalore friends cut adnft and 
abruptly started a new Academy, their 
action has at least had the merit of reveal¬ 
ing the logic of the situation, so that we 
can appropriately end by welcoming the 
Indian Academy of Sciences founded at 
Bangalore, and also agree that this 
Academy whilst providing a philosopher's 
garden for Southern India can legitimately 
have all-India aspirations and activities 
parallel to those already possessed by the 
Asiatic Society of Bengal and the United 
Provinces Academy of Sciences. 

in. The Formation of the National 
Institute of Sciences of India 

The National Institute of Sciences - a co-ordina¬ 
ting body: But we still need a co-ordinating 
body; and that is why it is necessary to 
found the National Institute. Obviously 
this co-ordinating body should not com¬ 
pete with the Academies in such a way as to 
harm them. The prime function of the 
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Academies is to arrange for regular meet¬ 
ings for philosophic discussions on a 
suitable periodic basis, say monthly, and 
for the regular periodic publication of the 
results of these meetings and discussions, 
in so far as they are worthy of publication 
to the world at large. With these activities 
of the Academies our National Institute 
should not seriously compete. Instead, our 
National Institute should have as one of 
its major activities the co-ordination of the 
labours of the various Academies. This 
may prove to be a task of some importance 
and magnitude, for since India is as large 
as Europe without Russia, so eventually, 
as the progress of science so justifies, it may 
prove desirable to found Academies of 
Sciences for several of the larger units of 
territory in India. In France, which is 
equivalent in size only to one province 
of India, there are five Academies with 
a headquarters in Paris.^ These five 
Academies are co-ordinated in the Insti¬ 
tute of France which, as I have already 
mentioned, was, in a former stage of 
existence, called the National Institute 
of Sciences and Arts. On an analogous 
basis one of the prime duties of our 
National Institute should be to co-ordinate 
the activities of the various Academies of 
Sciences in India. 

We can picture that one day there may 
be also a National Institute of Letters, the 
purpose of which would be to co-ordinate 
the activities of Academies of Letters in 
India, in the formation of which the 
Asiatic Society of Bengal might appro¬ 
priately take the lead We can also picture 
the eventual formation of a National 
Institute of Arts co-ordinating similarly the 
activities of Academies of Arts in India. 
Once this has happened, there will be a 
need for co-ordinating the three National 
Institutes into a National Institute of Arts, 
Letters, and Sciences of India, which would 
be the Institute of India equivalent to the 
Institute of France in its comprehensive 
scope. For the present it is sufficient for us 
to found a National Institute of Sciences. 


Liaison of National Institute with the Acade¬ 
mies: Because of the historical fact that in 
India our Academies have been formed 
before our National Institute, it follows that 
there is at present no organic relationship 
between the co-ordinating Institute and the 
co-operating Academies. Each of the 
Academies is a completely independent 
body and the extent to which co-ordina¬ 
tion of the labours can be effected through 
the National Institute depends upon the 
measure of concord that is established. 
We have arranged, however, for an effec¬ 
tive liaison with the three existing Aca¬ 
demies by providing on the Council of 
the National Institute for an additional 
Vice-President and an additional Member 
of Council for each of the co-operating 
Academies to be nominated by the respec¬ 
tive Academies. In addition also, partly 
because common sense requires it, and 
partly in acknowledgment of our debt 
of parentage, we are providing for an 
additional Vice-President and an addi¬ 
tional Member of Council to be filled 
firom the Executive Committee of the 
Indian Science Congress. 

Fellowship of the National Institute: We may 
now, for the benefit of those who have not 
followed the course of the labours of the 
Academy, refer to the membership of our 
National Institute. After full discussion the 
Academy Committee decided that our new 
body should have a membership sufficiently 
restricted to make it a distinction to ^long 
thereto, but at the same time not so limited 
as to prevent us having at our disposal a 
useful volume of scientific experience and 
ability. We decided that it would be suit¬ 
able to start with 125 Foundation Fellows 
and to elect 10 new Fellows annually 
thereafter. In selecting the Foundation 
Fellows the Academy Committee first 
assigned quotas on a percentage basis to 
the various sciences and then appointed 
small sub-committees to make nominations 
up to the quotas for the first 100. In order 
to provide for rectification of inequalities 
and omissions, should such have occurred, 


^Besides Acadenues at smaller towns such as Montpellier and Toulouse. 
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the Academy Committee placed the re¬ 
maining 25 names for election before those 
of the first 100 who had accepted Founda¬ 
tion Fellowship. That our methods have 
met with approval is shown by the fact 
that out of the 125 scientists invited, 113 
have already accepted Foundation Fellow¬ 
ship, 6 only have declined, whilst three 
unfortunately have died, namely Prof P 
Sampat Iyengar, late Director of the 
Mysore Geological Department, Prof S R 
Kashyap of Lahore, who had been nomi¬ 
nated to be one of the Vice-Presidents of 
the first Council, and Professor V Krishna- 
murti of Madras. 

Steps have been taken to fill the definite 
vacancies amongst the Foundation Fellows. 
Such vacancies as still exist it is proposed 
to fill during the first year in addition to 
the annual allotment of ten. 

Our Foundation Fellows are distributed 
throughout the length and breadth of 
India and include representatives of every 
branch of science. They include all the 
Fellows of the Royal Society resident in 
India, all the past-Presidents of the Indian 
Science Congress resident in India but 
one, almost all the heads of the Govern¬ 
ment of India scientific departments and 
research institutes, and many distinguished 
occupants of University professorial chairs 
throughout India. Although a large pro¬ 
portion of our Fellows are engaged either 
in teaching or in the pursuit of pure 
science, yet we have the requisite number 
of practical men, men whose interests lie 
in applied science, engineering, and indus¬ 
trial research. The majority of our Fellows 
belong in addition to one or more of the 
co-operating Academies, and it may be 
hop^ that as many as possible of our 
Fellows will think it desirable to belong to 
the Academy that they can most con¬ 
veniently treat as their own philosopher’s 
gardett. 

The Council of the National Institute: In 
framing our ^uncil we foimd necessary 
the I^ge number of 25 in order that after 
allotting to the headquarters station su^- 


cient members to ensure the possibility 
of always being able to secure a quorum, 
we should also be able to have Members 
of Council in as many of the important 
centres of scientific research in India as 
possible. We hope in this way that our 
Fellows in all parts of India will be 
kept in touch with the doings of our 
Council, because it is our intention that 
the minutes of the Council Meetings shall 
be sent by post to all Members of Council 
wherever they are. In addition to these 
25 Members of Council representing the 
National Institute, we have, as already 
mentioned, made provision for each of the 
three co-operating Academies, as well as 
the Indian Science Congress Association, 
to be represented by an additional Vice- 
President and an additional Member of 
Council, selected by the Academy from 
amongst our Fellows who are members of 
the respective organisations. Should any 
other Academies of requisite status be 
formed, we shall be prepared to allocate 
the same representation of an additional 
Vice-President and an additional Member 
of Council, provided, of course, that such 
Academies contain the requisite minimum 
number of our Fellows amongst their 
membership. In all cases the representatives 
appointed by co-operating bodies must be 
Fellows of our National Institute. 

IV. The Functions of the National 
Institute of Sciences 

You will now ask what the National Institute 
proposes to do. Before answering this 
question I wish to retrace my steps a 
little. I have mentioned that in Europe 
each important country has its own 
Academy of Sciences. These countries 
being, however, independent countries 
have no body that can be regarded as 
the equivalent to our National Institute 
directed towards co-ordinating the efforts 
of the Academies of different countries. 
This want has been long felt in Europe and 
eventually led to the formation in 1918-19 
of the body called the International 
Research Council, which is a Council for 
Science not only in Europe, but through¬ 
out the world, with its headquarters iri 
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Brussels, This International Research 
Council operates through National 
Research Councils, and every important 
country in Europe as well as in America 
has its National Research Council; and 
it is through the National Research 
Councils of Europe, co-operating with the 
International Research Council, that the 
efforts of scientists in different countries 
are co-ordinated. It is obvious from these 
remarks that one of the functions of our 
National Institute should be to act as 
the organising body of a National Research 
Council in India, 

In 1926, the Surveyor-General made a 
proposal to the Government of India that 
India should join the International Re¬ 
search Council and certain International 
Unions formed under the auspices of the 
Council, This led to a request from 
Government for further information on 
the proposal, and eventually in 1930 the 
Government of India announced that it 
had been decided that India should join 
the International Research Council and 
its Unions of (1) Geodesy and Geo¬ 
physics, (2) Geography, (3) Astronomy, 
(4) Biological Sciences, and (5) Radio- 
Telegraphy. At the time, in the absence 
of any representative scientific organisation 
in India that could itself join the Council 
and arrange for collaboration with the 
five Unions mentioned, the Government 
of India were compelled themselves to 
join this Council, but they were informed 
that if possible adherence to the Council 
and Unions should be entrusted to a 
national scientific organisation, and that 
other countries had joined through existing 
scientific academies and institutions, or 
had set up special scientific bodies for that 
purpose. The general feeling of the 
Members of the International Research 
Council wras that the Government of India 
should not be a member longer than was 
necessary, lest a political element might be 
introduced. The Govermnent of India did 
not consider that any such result need 
be apprehended fix>m their membership 


of these organisations, but they wished to 
assimilate India’s position in relation to 
these bodies, should this be feasible. 
Accordingly, the Government of India 
asked the Surveyor-General for advice 
on this question and requested that he 
should submit his views after consulting 
the heads of other scientific departments. 
In the end, a Committee consisting of the 
Surveyor-General and the Directors of 
the Botanical, Geological, and Zoological 
Surveys considered the various problems 
in committee and submitted a joint report 
to Government. This Committee reported 
that there was in India no body compar¬ 
able to the Royal Society of London, 
suitable to undertake the organisation of 
such a National Research Council, and 
that, meanwhile, it was desirable to form 
a Council under Government aegis, with 
the expenditure connected therewith 
to be borne by Government. We made 
definite proposals for the constitution of 
the Council and of the National Com¬ 
mittees for various subjects. Soon after 
the submission of our report the financial 
condition deteriorated and no action has 
bef n taken in the direction of forming a 
National Research Council.^ 

When in 1932 the Editorial Board of 
Current Science attempted to elicit the 
opinion of scientists in India concerning 
the desirability of forming an Academy of 
Sciences, I personally replied to the effect 
that I did not see the need of a new 
Society for the purpose of reading papers, 
but that there was a need for a body of 
scientists of position to render possible the 
formation of a National Research Council 
in India, and for this reason I supported 
the proposal. We had not then realised 
the foil logic of the proposition. But now, 
in founding this National Institute of 
Sciences, we have gone a long way to¬ 
wards making it easy for India to form 
a National Research Council with National 
Committees in various sciences co-operat¬ 
ing with the International Research 
Council and the International Research 


may mention that the Ckivemment of India also consulted various non-o£Scial scientific bodies on 
this problem. 
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Unions; and this we may regard as one 
of the justifications for the formation of 
our National Institute. 

The co-ordination of labours of men of scierwe: 
Coming now to the question of the aims 
and objects of our National Institute, 
these have already been defined in a note 
issued with the Academy Committee’s 
report. These, asyou know, are substantially 
the same as the aims and objects that 
were placed before the Academy 
Committee as a result of the series of 
resolutions passed by the General Com¬ 
mittee of the Indian Science Congress 
in Bombay in 1934. In my opinion the 
most important of our objects are to be 
prepared to co-ordinate the labours of the 
scientists in India, to efiect co-operation 
between the various bodies of Academy 
rank, and to render possible the formation 
of a National Research Council. 

Meetings of the National Institute: In my 
view our Institute does not exist primarily 
for the purpose of reading papers, so that 
we shall not need to hold regular monthly 
meetings. We have suggested that to begin 
with two general meetings in the year for 
business purposes will suit our purposes. 
One of these will be held at the city where 
the Indian Science Congress meets, so as to 
render possible the largest attendance of 
Fellows. The other will be held at the city 
selected for the business headquarters of the 
Institute. As due notice will be given of 
each of these meetings, and as in con¬ 
sequence we shall expect to secure the 
attendance of a large number of the 
leading scientists of India, we shall, of 
course, utilise the opportunity to read and 
discuss papers of general interest and 
outstanding merit. We do propose, there¬ 
fore, on these occasions to give an oppor¬ 
tunity to scientists to read papers, and we 
have, as you know, several papers of high 
quality offered for reading at the first 
Ordinary General Meeting of this Institute 
to be held to-morrow. 

An annual review of the progress of science in 
India: In addition, we propose to resus¬ 


citate in a different form the labours of the 
Board of Scientific Advice by publishing 
annually a review of the progress of science 
in India. Our reviews will, however, differ 
fi:om those published by the Board of 
Scientific Advice, in that they will take 
account not only of the labours of scientists 
employed in Government services, but 
also of unofficial scientists throughout 
India. 

Consolidated Comptes rendus or Proceedings of 
Academies: Another matter that is of serious 
concern to scientists is the increasing 
number of new scientific journals, so that it 
is becoming increasingly difficult for any 
worker in science to keep up with the 
progress in the branch of science in which 
he is more particularly interested. From 
the point of view of a scientist in a parti¬ 
cular science, specialist journals are the 
most convenient, and to this extent those 
published by bodies of Academy status 
must be regarded as a source of in¬ 
convenience, in that they contain papers 
on all branches of science that might have 
been allocated to the respective specialist 
societies. We all agree, however, that 
such specialist distribution carried to com¬ 
pletion is undesirable, and that in order 
to facilitate intercourse between men of 
different sciences, bodies of the Academy 
type are necessary. It is obvious, therefore, 
that we require some means by which the 
productions of eill the Academies may be 
made conveniently accessible to all workers 
of science in India. For this reason it has 
been agreed that one of the duties of the 
National Institute will be to issue a 
consolidated Comptes rendus or Proceedings 
containing summaries of the papers read 
before all the three co-operating Aca¬ 
demies. I can imagine that later it may 
be asked why we confine our activities to 
papers read before Academies only, and I 
can foresee as a development that 
eventually it may prove desirable to 
include also summaries of papers published 
in specialist scientific societies, and in this 
way to produce a consolidated Comptes 
rendus of all papers read before both 
Academies and specialist societies in India, 
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Symposia: Although normally scientific 
research is severely specialised, so that 
scientists tend to work in water-tight com¬ 
partments, yet every science has its borders 
where it touches one or more other sciences, 
so that there are fruitful fields or, shall we 
say, gardens, of possible co-operation 
along these boundanes. It is, therefore, 
sometimes suitable and desirable to pro¬ 
mote special meetings for the purpose of 
arranging discussions, by scientists of 
allied sciences, of problems of joint interest. 
These discussions are usually known as 
symposia (literally drinkings together) and it 
has been agreed that the arrangement of 
symposia may be regarded as one of the 
functions of the National Institute. 

A reservoir of scientifc knowledge and experience: 
Another aim of our Institute is to provide 
a reservoir cf knowledge and experience 
in all branches of science available for 
application to the study of scientific 
problems connected with the general 
welfare of the country. We have not yet 
worked out our machinery for this; but 
one pKJSsibility is that we may group our 
Fellows into Committees according to 
their sciences and that to such Committees 
the Council will refer special problems for 
their advice. This means that should 
Government or any other organisation 
require advice upon problems of scientific 
interest, they will be able to rely upon 
securing the best opinion available in 
India. 

Liaison with Letters: You will remember 
that in accordance with the resolutions 
passed in Bombay last January one of our 
purposes should be ‘to promote and main¬ 
tain a liaison between men of science and 
men of letters’. The Academy Committee 
decided during the year that our first task 
must be to found an organisation devised 
specifically to suit the needs of scientists 
and that the question of providing for this 
haison with letters must be left for the 
future. You will, I hope, all agree with me 
on the great desirability of ultimately 
efiecting such a liaison, which would be 
brought about ultimately if my viaon of 


National Institutes of Arts and Letters co¬ 
operating with our National Institute of 
Sciences of India should come true. For 
the present we may consider that the 
desired liaison has been effected in an 
indirect way by the fact that one of the 
Academies co-operating with the National 
Institute, namely the Asiatic Society, is an 
Academy both of sciences and of letters. 

Management of funds for scientific research: 
The fifth purpose for which a new orga¬ 
nisation was desirable was to ‘secure and 
manage funds and endowments for scienti¬ 
fic research’. Upon this point I now wish 
to speak. Since we have decided upon a 
limited Fellowship and have also made 
our subscriptions moderate, it follows that 
the income derived from Fellows’ sub¬ 
scriptions alone will not be sufficient to 
enable the National Institute to carry out 
in full the purposes for which it has been 
founded. We hope, therefore, that the 
Government of India, and perhaps the 
provincial Governments, will prove to be 
in sympathy with the aims and objects of 
our Institute and that they will realise 
that this organisation has been founded 
for the general benefit of science in India, 
and that, consequently, they will be pre¬ 
pared to contribute towards our financial 
resources Apart from the funds required for 
the continuously recurrmg needs of the 
National Institute, we shall also be pre¬ 
pared to administer funds presented by 
men of wealth and position either in aid 
of the general business of the National 
Institute, or for the endowment of specific 
items or branches of research; and the 
Treasurer will be very glad to receive 
any donation, however large or however 
small, either towards the general funds of 
the Institute, or specifically designated for 
particular purposes. It is desirable that, 
as far as possible, contribufions should 
be to the general funds until the finances 
of the Institute have been placed on a 
secure footing. 

Choice of headquarters of the Pfaiional Instikite: 
The next point to mention is the choice 
of the headquarters of our National 
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Institute. This question has been the 
cause of much discussion and as long as 
the position of the new organisation with 
reference to existing societies was not 
clearly defined or understood there was 
bound to be jealousy and anxiety on this 
point. Past history and present facts point 
obviously to Calcutta. But had our new 
society been another Academy in the 
sense used in this address, I should not 
have advocated the selection of Calcutta 
as its headquarters, for there is no room 
for two Academies of similar aims in 
one city. Another possibility, and one 
which was briefly considered, was that 
of establishing the headquarters of the new 
body at Delhi, the official capital of India. 
The total number of scientists resident at 
Delhi, however, seemed to render this 
undesirable. The third possibility was an 
amalgamation with the newly established 
Academy of Sciences at Bangalore; but 
this became clearly inadvisable once it 
was realised that there were already two 
other Academies of Sciences in India with 
claims prior to those of the Academy 
foimded at Bangalore. The fourth possi¬ 
bility was for Ae National Institute to 
function sis a peripatetic body with its 
headquarters moving every two years 
according to the change of President. 
This possibility was considered, but the 
Academy Committee decided that business 
requirements and the best interests of the 
Institute necessitated that the headquarters 
should be located definitely in one parti¬ 
cular centre of research. Our provisional 
rules do not name any place as the head¬ 
quarters 2 Uid there is nothing in them to 
prevent a change of headquarters at any 
time should the interests of the National 
Institute render this desirable. Meanwhile, 
conv^ience and common sense appeared 
to require that we should, to begin with, 
locate the ofiSce of the Institute in Calcutta. 
Once ooncOTd had been established with 
Bangalore Sir G V Raman himself sug¬ 
gested that this was obviously the logical 
and correct course to follow. We have 
accordingly decided to start in Calcutta, 
but in accordance with the statement 
made to our Fotmdalion Fellows in our 


note on the aims and objects of the 
National Institute, we propose during 
the first year to take the opinion of our 
Fellows on this point. If they confirm 
that the Academy Committee is correct 
in selecting Calcutta as headquarters they 
will make a decision in accordance with 
the course of saentific development in 
India, recognising that although the 
Government of India has moved from 
Calcutta to Delhi, yet it has left behind 
in Calcutta the headquarters of several 
of its scientific services, and that on this 
account, and because of the size of Calcutta 
with its numerous other scientific institu¬ 
tions, Calcutta is by far the largest centre 
of scientific research in India. For the 
present, at least, it appears that it is in 
the best interest of science that the National 
Institute should commence work in 
Calcutta. 

As we have decided to make a commence¬ 
ment in Calcutta the Asiatic Society of 
Bengal hzis generously offered to provide 
us with office accommodation; and also 
to permit us to meet in Council and to 
hold ordinary meetings of our National 
Institute as necessary in the rooms of the 
Asiatic Society of Bengal. In making this 
offer the Asiatic Society preserves its 
traditional position as the mother of the 
development of science in India. We hope 
also that the Government of India will 
assume towards our National Institute its 
traditional position as father by providing 
suitable funds. For I hope you have 
realised from my address that the Asiatic 
Society of Bengal and the Government of 
India between them are the mother and 
father of the development of scientific 
research in India. 

V. Gonclasioti 

It is now appropriate that I should, on 
behalf of the National Institute thank His 
Excellency Sir John Anderson, the Gover¬ 
nor of Bengal, for honouring us with his 
presence here to-day and for inaugurating 
our National Institute. It is well known 
to many of you that Sir John Anderson 
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had a scientific training, and it is clear 
that had he not devoted his great abilities 
to administration and had he instead 
embarked upon the normal career of a 
worker in science he must have attained 
to a position of high distinction in the 
scientific world. It is very appropriate, and 
we are very fortunate, that our National 
Institute has been inaugurated by an 
administrator of scientific training. The 
date selected for our Inaugural Meeting 
has proved too late to render possible the 
presence of members of the Government 
of India, but I have received personally 
fiiendly messages of good wishes for the 
success of our National Institute from 
Sir Fazl-i-Husain, Sir Frank Noyce, and 
Sir James Grigg. I have also received 
expressions of good will from three of our 
most senior Fellows, namely Sir J G Bose, 
Sir P G Ray, and Sir Martin Forster. 

In of>ening this address I expressed my 
appreciation of the great honour done to 
me in asking me to be the first President 
of the National Institute. In this address 
I have reviewed the development of 
science in India during the present century 
starting really with the formation of the 
Board of Scientific Advice in 1902. As I 
myself arrived in India in the same year 
my long service has coincided with the 
developments discussed in this address. 
My service is now rapidly approaching its 
completion, and I take, therefore, this 
opportunity to say how glad I am to 
have served in India long enough to 
take part in the foundation of this National 
Institute, an organisation that appears to 
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me the logical outcome of the attempts 
during this century to bring men of all 
sciences back to a common fold, in counter¬ 
action to the fissiparous tendencies caused 
by the general advancement of science in 
India, with the resultant formation of so 
many new bodies—services, societies, 
universities, and research institutes— 
devoted to the specialised study of science. 
Indeed, I hope that in the future, sooner 
or later, you will succeed in bringing about 
an effective liaison between science and 
letters and if, as seems logical, your 
Fellows decide to confirm Galcutta as the 
headquarters of our National Institute, 
and to accept the friendly offer of the 
Asiatic Society of Bengal, I can picture 
that one day when National Institutes for 
Arts and Letters have also been founded, 
the historic and beautiful building. No. 1, 
Park Street, which will in any case even¬ 
tually need rebuilding, will be replaced 
by a more commodious and compre¬ 
hensive edifice designed to house not 
only the Asiatic Society of Bengal, but 
also the National Institute of Arts, Science, 
and Letters, with accommodation also 
for All-India Societies either of Arts, 
Letters, or Science, the headquarters of 
which are in Galcutta, and forming thus 
a magnificent palace of learning in 
Galcutta equivalent to Burlington House 
in London. This, I know, is a vision; 
but because the vision is both logical 
and possible of fulfilment, it shows that the 
design of our National Institute of Sciences 
is on the right lines and that the position 
allocated to our Institute in the scheme of 
scientific things in India is the correct one. 


I 
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unaltered in others, so that rocks which 
were originally similar have been made to 
appear dissimilar. To continue our meta¬ 
phor, not only are many of the pieces of 
the jig-saw puzzle missing, but the picture 
of the puzzle has in places been so burnt 
or scorched as to be almost undecipherable. 

Mineral industries of the Archaans : The 
problem of the reconstitution of this 
burnt or scorched jig-saw puzzle—a 
metaphor for which I am indebted to 
Mr. West—^is the problem of the correla¬ 
tion of the ancient schistose rocks znd 
associated crystalline rocks that constitute 
the Archaean terrane of India. Lest you 
should think that the problem is of purely 
academic interest, 1 would point out that 
the Archaean rocks of India provide four 
of India's most important mineral indus¬ 
tries—the gold of Kolaur in Mysore, the 
manganese ores of the Central Provinces, 
Madras, Bombay amd other provinces, 
the iron ores of Singhbhum amd Orissa, 
and the mica of Bihar and Nellore. The 
Archaean formations also yield the chro¬ 
mite of Mysore and Singhbhum, the 
copper ore of Singhbhum, the ihnenite, 
monaizite amd zircon samds of Travamcore, 
amd the rubies, sapphims amd spinels of 
Burma, and mamy other rocks and minerals 
of economic importance. 

In a memoir, now in the press, entitled 
‘An Attempt at the Correlation of the 
Ancient Schistose Formations of Peninsular 
India’,^ I have, in the introductorysection, 
discussed, at some length, the principles of 
correlation amongst these old rocks. This 
renders it unnecessairy for me to deal with 
this subject in as much detail ais otherwise 
might nave been suitable, amd also makes 
it po^ble for me to treat the subject less 
technically. Geologists who are interested 
in a more detailed treatment of the subject 
aire referred to the memmr in question. In 
that memoir, I discuss the use of the term 
‘Archaean’, amd restrict it to the ancient 
crystalline and metamorphosed rocks 
underlying the Purama formations. These 


older Archaean rocks are, as a rule, much 
more highly metamorphosed than the 
younger Purama formations, as well as 
being much more highly disturbed, so 
that the Purana formations rest upon the 
Archaeam rocks with, what geologists term, 
a great unconformity. In places, however, 
there is a doubt whether certain highly 
crystalline formations may not represent 
younger Purana formations that have been 
subjected to mountain building operations 
in the Peninsula, after such operations 
had ceased elsewhere. Such a possible case 
is the Delhi system of Rajputana, discussed 
by Dr Heron in his ‘Synopsis of the Pre- 
Vindhyan Geology of Rajputana’, read 
at our inaugural meeting last year, and 
published as Vol I, No 2 of the Transactions 
of the National Institute of Sciences of India. 

Factors to be considered: As you will judge 
from the brief account just given of how 
sedimentary strata are formed, three 
factors are available in the correlation 
of unmetamorphosed strata belonging to 
the fossiliferous section of the geological 
record:— 

(1) Stratigraphical superposition and 
continuity. 

(2) Lithological composition. 

(3) Fossil contents. 

By the aid of these factors it is usually 
possible by careful study to place approxi¬ 
mately in its correct stratigraphical position 
any bed in the fossiliferous section of the 
geological scale and to correlate the 
detached areas thereof one with another. 

When we take up the study of the pre- 
Cambrian formations, however, the process 
of correlation proves much more difficult. 
Even from the younger relatively un¬ 
metamorphosed sections of the pre- 
Cambrian (the Purana) one of the most 
important criteria—namely recognisable 
fossil contents—^is completely absent in 
almost all cases. The stratigraphical 
sequence is still easily determinable, but 


iMim. Geol. Surv. Ind., LXX. 
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owing to the long periods of time during 
which these formations have been subjected 
to the processes of denudation, often after 
suffering a moderate degree of folding, 
strata once continuous have often become 
dissected into discontinued areas; and jf 
there has been much lateral variation, 
the break in stratigraphical continuity 
combined with the absence of fossils may 
render indecisive all our attempts at 
correlation, even of comparatively un¬ 
metamorphosed strata.^ 

When we come to the older formations of 
the pre-Cambrian to which the term 
Archaean may be applied, not only have 
we to face the complete absence of fossils, 
but almost invariably, though not always, 
the rocks are much more highly folded 
than with the younger Purama formations. 
In addition, whilst the Purana forma¬ 
tions of the Peninsula aire almost invari¬ 
ably free from the effects of batholithic 
aad igneous intrusion, the older forma¬ 
tions are often domed up and intruded 
by great batholithic granites with asso¬ 
ciated pegmatites, aplites and quartz veins; 
and as a result of denudation, combined 
with the effects of this intrusion, the old 
formations are fiequently found exposed 
at the surface in detached areas, reducing 
thereby the possibility of applying the 
criterion of stratigraphical continuity for 
purposes of correlation. 

Furthermore, this generally greater degree 
of folding (often intense) with resultant 
general burial of portions of the strata to 
zones of high temperature and pressure 
in the earth’s crust, combined with the 
effects produced by batholithic intrusion, 
has caused large portions of these older 
pre-Cambrian formations to suffer a high 
degree of metamorphism with resultant 
change of mineral composition. And as 


the grade of metamorphism attained varies 
according to the intensity of folding, 
depth of burial, and amount of intrusion 
—from that in which an original argilla¬ 
ceous bed has not passed beyond the stage 
of a shale or slaty shale, to that in which 
such a rock has been carried to the highest 
possible grade of metamorphism, e.g. 
khondalite,—it is evident that in these 
older rocks we may be deprived for 
purposes of correlation not only of the 
criteria of fossil contents and stratigraphical 
continuity, but even of the criterion of 
lithological composition that was applic¬ 
able with the less memmorphosed rocks 
in cases where particular beds were 
constant over wide distances without 
serious lateral variation. 

It may be asked what then are the criteria 
available for use in correlating the ancient 
schistose formations? The answer is that 
none are constantly available, but that 
by taking account of this criterion in one 
case and that in another, one may expect 
to succeed in effecting a certain degree of 
correlation. 

The available criteria may be enumerated 
as follows: 

(1) Stratigraphical sequence and conti¬ 
nuity. 

(2) Structural relationships, e.g. presence 
of unconformities and relationship to 
periods of folding. 

(3) Relationship to igneous intrusives. 

(4) Associated ore-deposits of epigenetic 
origin. 

(5) Lithological composition. 

(6) Chemical composition. 

(7) Grade of metamorphism. 

(8) Uranium-lead ratios and thorium-lead 
ratios. 

I will touch briefly on each of those criteria 


*As an example we may cite the Raipur limestones of the Chhattisgarh basm. These are now regarded 
as equivalent to the Panganga limestones of the Godavan valley, and both as eqmvalent to a stage of the 
great Guddapah system of formations of Southern India. The hthologically very similar lunestones of the 
Lower Vmdhyans in the Son Valley are regarded as belonging to the lower portion of another, and 
younger, great system of ancient rocks, the Vindhyans; but it is difficult in the absence of fossils to be 
certain that the Raipur limestones may not be the link between the Lower Vmdhyans and the Upper 
Gud^pahs, although the general trend of all the evidence is in ffivour of treating the Lower Vindhyans 
as distinctly younger than any section of the Guddapahs. 
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as illustrated by definite examples derived 
firom the Archsean terrane of Peninsular 
India. 

1, Stratigraphical Sequence and 

Continuity 

Value of detailed mapping: If one tract of old 
schists be very closely mapped, it may 
prove possible to establish with some 
degree of certainty a definite strap- 
graphical sequence of rocks, which will 
be of use in attacking the stratigrajihy of 
another not too distant area where similar 
rocks with about the same grade of meta¬ 
morphism are found to occur. Thus a very 
careful survey has been made by me during 
recent years of a portion of the Sausar 
tahsil in the Ghhindwara district, G.P. 
This work has led to the recognition of a 
definite sequence of strata now known as 
the Sausar series.^ Similar rocks are 
known to occur as far east as Balaghat, 
and it may be asserted with confidence 
that a geologist commencing work in 
Balaghat would find my Sausar sequence 
helpful in unravelling the Archaean geology 
there, and also in aissigning to their proper 
stratigraphical position additional Archaean 
rock hoiizons ^at may have appeared in 
that neighbourhood. As the two areas, 
Sausar and Balaighat, aire at the two 
extremities of a tract of country contaiining 
vairious members of the Sausar series, 
although not adways in absolute strati¬ 
graphical continuity, this tract of the 
Central Provinces offers the possibility of 
the complete unravelling of tiie Archaean 
stratigraphy from one end to the other, and 
the complete correlation throughout that 
tract of the various horizons of meta- 
morphic rocks.* 

2. Structural Relationships 
Omglomerates: I have already mentioned 
the periodic revolutions that take place in 
the earth’s crust causing sediments depo¬ 
sited at one period to be heaved up and 
subsequently denuded by the weathering 
agents, and how in a subsequent period of 


deposition other beds are laid down upon 
the upturned edges of the older formation. 
The break in deposition thus represented 
is known to the geologists as an unconformity. 
Whereas such unconformities are easy to 
detect in the younger unmetamorphosed 
sections of the geologist’s stratigraphical 
column, yet when we come to the ancient 
Archaean schists, there has been so much 
folding and metamorphism accompanied 
by intrusion of igneous rocks that the 
recognition of stratigraphical uncon¬ 
formities is often difficult. In these un¬ 
conformities the base of the upper series 
is frequently represented by a bed of 
pebbles, the consolidated rock being 
known as a conglomerate. Unfortunately, 
in the highly metamorphosed rocks of the 
Archaeans, conglomerates of another type, 
namely crush-conglomerates, are produced 
by earth movements from granites, quart¬ 
zites and other hard and resistant rocks, 
and the pseudo-pebbles thus formed by 
crushing are firequently difficult to dis¬ 
tinguish from the true pebbles of sedi¬ 
mentary conglomerates. An important task 
for a field geologist working upon the 
Archaeans is to decide whether the various 
conglomerates that he meets are true 
sedimentary conglomerates, indicating 
possibly the position of an important un¬ 
conformity, or whether they are only 
crush-conglomerates indicating, it is true, 
severe earth movements, but not necessarily 
a break in the stratigraphical succession. 

3. Relationship to Igneous Intrusives 
In the Archaean terrane of Peninsular 
India, there axe at least two schistose 
series separated by an important tm- 
conformity. Intrusive into both are batho- 
lithic grainites, usually gneissic. A batho- 
lithic granite is merely a large mass of 
granite magma derived from below, the 
base of which has not been seen. It is 
evident that if we cam determine the age 
of intrusion of these various |;ranite 
batholiths, we can draw conclusions con¬ 
cerning the ages of the schists into which 


GeoL Surv, Ind., LIX,^. 78, (1926)* 

‘Working in a portion of this belt in the Nagpur district intermediate between Sausar and B^aghat, 
Messrs^ W.D. West and D. S. Bhattacharji have each been able to apply this sequence to their own areas. 



LL FERMOR 


21 


they are intruded; for obviously the schists 
cannot be younger than the age of the 
intrusive granite. Similar use can be made 
of the basic igneous dykes so common 
throughout Peninsular India, especially as 
there are two main series, namely the 
contemporaneous traps of the Dharwar 
System, and the Cuddapah lava flows, 
sills and dykes of later date, the rocks of 
the former group being distinguished by 
their almost invariable metamorphism, 
and those of the latter by their relative 
freshness due to the comparative freedom 
of the Peninsula from crustal disturbances 
since Cuddapah times. 

4. Associated Epigenetic Ore-deposits 
Epigenetic ore-deposits are, as the name 
indicates, deposits of ore of later age than 
the rocks in which they are enclosed. Such 
deposits have been formed from materials 
introduced into the enclosing rocks from 
elsewhere—usually from gases and solu¬ 
tions derived from intrusive igneous 
magmas—, and they may, in fact often 
be regarded as end products of igneous 
intrusion, for example, of the granites and 
basic rocks to which reference has been 
made in the previous section. It seems 
obvious, therefore, that the presence, in 
two separated tracts of schistose rocks, 
of ore-depK)sits of such closely allied 
nature that they may, with some con¬ 
fidence, be referred to a similar source, 
may be utilised as evidence that the 
schistose rocks of these two tracts are both 
at least as old as the period of introduction 
of the ore-deposits in question; and to this 
extent they may be correlated. As an 
example, one may cite the gold deposits 
of Mysore and Singhbhum and the copper 
deposits of Singhbhum and Sikkim. If 
reasons can be found for referring the gold 
deposits of the two tracts named to one 
period of igneous intrusion, then we can 
logically deduce that both the Dharwar 
schists of Mysore and the upper series of 
of schists of Singhbhum are older than 
this period of igneous activity. In the same 
way it may be possible to deduce that 


the upper series of schists of Singhbhum 
and the Daling series of Sikkim are both 
older than the period of intrusion of the 
igneous rocks to which the introduction 
of the deposits of copper (and other 
sulphide) minerals may be ascribed.^ 

5. LrraoLooiCAL CoMPOsmoN 
Metamorphism accentuates small chemical 
differences: Lithological composition, by 
which is meant the nature of the rocks 
composing a given bed, e.g. sandstone, 
shale or limestone, is only of value as a 
criterion in correlation in so far as beds 
continue unchanged over long distances, 
and have sufficiently distinctive character¬ 
istics to permit of their recognition even 
in disconnected tracts. In me Archaean 
terranes the various strata have almost 
always been subjected to some degree of 
metamorphism, often of great intensity. 
The effect of metaunorphism is to change 
the lithological aspect of a rock, often 
so as to render it more distinctive, for 
metamorphism accentuates the effects of 
small chemical differences in the original 
strata. If the grade of metamorphism is 
approximately the same over a wide area 
a persistent l^d may give rise to a very 
distinctive type that can be recognised 
easily whenever it is found. Such a rock 
may then prove almost as valuable as a 
zone fossil for purposes of identification. 
The use of it as a criterion in correlation 
depends upon the hypothesis that the 
particular chemical composition of the 
original unmetamorphosed rock from 
which it has been derived is not likely to 
have been repeated exactly. This may 
seem a bold hypothesis, but there must 
be cases in which it is applicable: for 
differences in the composition of im- 
metamorphosed rocks so small as not to 
be readily detected without chemical 
analysis may cause the metamorphosed 
derivatives to be markedly different. 

Metamorphic rocks of uncommon type almost 
as valuable as zone-fossils: For a meta¬ 
morphic rock of uncommon type to be 


L Fermor, ‘Some Problems of Ore Genesis in the Archaeans of India*, Pm. As. Soc. Beng.y XV, pp 
clxxxviu-cxdu, (1919). 
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repeated exactly requires the combination, 
of two imcommon factors, firstly a sedi¬ 
ment of unusual general chemical composi¬ 
tion and secondly that out of all of the 
possible metamorphic variations of this 
unusual general chemical composition, 
Nature shall have selected exactly the 
same variation on each occasion. 

TTie value of the gonditic series as a datum 
line: As an example we may take the 
gondite series,^ which is regarded as a 
series of metamorphic rocks formed by the 
metamorphism of manganiferous sedi¬ 
ments of varying degrees of purity. Two 
of the commonest rocks thus produced are 
gondite (sptsszitiXG plus quartz) and rhodo¬ 
nite-rock, often wi& spessartite also. The 
production of the gonditic rocks requires 
a moderately high intensity of meta¬ 
morphism and it seems a fair hypothesis 
to take all occiurences of gonditic rocks 
in India as representing a definite strati- 
^aphical horizon, until and unless this 
is found to lead to results that are repug¬ 
nant to those otherwise obtained. The 
type area of the gonditic rocks is the 
Sausar-Balaghat tract of the Central 
Provinces. Gonditic rocks have also been 
found to the west in Narukot State in the 
Bombay Presidency and in Jhabua State 
in Central India, and to the east in 
Gangpur State in Chota Nagpur. In the 
Central Provinces the gondite series of 
rocks forms a definite stage (the Mansar 
stage) in the Sausar series. It appears, 
therefore, that if the associated schistose 
rocks of Narukot, Jhabua and Gangpur 
were carefully mapped, for the purpose 
of determining the exact position of the 
gonditic rocks in the schistose sequence in 
each area, we might have a datum line 
for correlating the schistose rocks of 
Narukot, Jhabua and Gangpur with the 
Sausar series of the Central Provinces. The 
rocb of Jhabua form part of the great 
schistose tract of Rajputana and those of 
Gangpur form part of the great schistose 
tract of Chota Nagpur and Singhbhum. 
The gondite horizon may thus eventually 


enable us to correlate Rajputana, the 
Central Provinces, and Singhbhum. 

6. Chemical Composition 
Bulk chemical composition of rock often almost 
unaltered by metarrmphism: The most con¬ 
stant feature of a rock is its chemical 
composition. It is true that during meta¬ 
morphic processes substances are in some 
cases added (e.g. during contact meta¬ 
morphism) and in other cases removed 
(e.g. potash firom potashfelspar when the 
latter is converted to sericite; or COg when 
a siliceous limestone is converted to a 
calc-silicate rock); but on the whole the 
bulk composition (except for loss of 
volatile and liquid constituents) remains 
constant. So that whilst as a result of 
metamorphism the physical and minera- 
logical aspects of a rock may be so pro¬ 
foundly modified that no single original 
mineral gprain or structure persists, yet the 
bulk chemical composition map remain 
almost the same. This point is illustrated 
for example by the complete textural, 
structural and mineralogical differences 
between a dolerite and the hornblende- 
schist derived therefrom: nevertheless the 
similar chemical composition and, there¬ 
fore, possible common origin are revealed 
by bulk analysis. 

Consequently when we are comparing 
tracts characterised by different grades 
of general metamorphism we may not 
be able to trace a rock horizon firom one 
tract to another if we take account only 
of mineralogical composition; but atten¬ 
tion to chemical composition may provide 
the clue. 

We may, in fact, make use of chemical 
composition to recognise the equivalence 
of rocks now in different metamorphic 
facies, as examplified, for example, by the 
possibility that the very highly meta¬ 
morphosed rocks of the Eastern Ghats are 
the stratigraphical equivalent of some of 
the less metamorphosed rocks of Chota 
Nagpuri; or as exemplified by the varying 


L Fermor, Mem. Geol Svrv. Ind., XXXVII, pp 206-365, (1909) 

Vjw. As. Soc. Beng., N.S., XV, p clxxvii, (1919) and Rec. Geol. Surv. Ind., LIII, pp 241-243, (1921) 
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grades of metamorphism of the manganese 
horizon in the Archaeans, characterised 
by oxidised manganese-ores, where less 
metamorphosed, and by rocks contmning 
manganiferous silicates (garnets and 
pyroxenes) where more highly meta¬ 
morphosed.® 

7. Grade of Metamorphism 
Difference in trutamorphic grade not necessarily 
an index of different age: I have just referred 
to the fact that variations in the grade of 
metamoiphism, that is to say the intensity 
of the metamorphic forces applied, may 
produce mineralogical differences in rocks 
of the same original mineralogical and 
chemical composition. The fact that there 
may be great differences in the intensity 
with which metamorphic forces are applied 
even to one continuous tract of rocks is 
illustrated by both Singhbhum and Raj- 
putana. In Singhbhum to the west of 
Ghaibasa the upper series of the Archaean 
(the Iron-ore series) is so little meta¬ 
morphosed that the argillaceous rocks are 
shales and slaty shales. In Dhalbhum to 
the east the argillaceous rocks are phyllites 
and schists. In Rajputana Dr Heron 
has traced continuously the relatively 
metamorphosed Delhi rocks of north¬ 
eastern Rajputana into the intensely 
metamorphosed schists of Udaipur ‘where 
the tips of Delhi synclines have reached 
the zone of fiowage’.® It is obvious, 
therefore, that we must not be led by the 
presence of a great general difference 
between the grade of metamorphism in 
two tracts of country into assuming that 
they are necessarily of different age, the 
more highly metamorphosed tract being 
on this view the older. Instead we must 
be prepared to consider whether the 
differences may be due, not to difference 
of age—by which in this case we mean 
the more prolonged subjection of the 
more highly metamorphosed tract to 
metamorphic agencies,—but to the meta¬ 
morphic forces having been applied with 
different degrees of intensity to rocks of 
the same age. If we can effect any chemical 


correlation between the two tracts, and 
observe similar general relationships to 
folding movements and igneous intrusives 
and to the stratigraphy of the county, we 
must be prepared for the possibility of 
general contemporaneity of age, in spite 
of marked differences in grade of meta¬ 
morphism. Thus such metamorphically 
different tracts as Singhbhum, Sausar, and 
Vizagapatam, may contain rock series 
of approximately similar age that have 
been subjected to metamorphic agencies 
acting with different degrees of intensity, 
Singhbhum being then the least and 
Vizagapatam the most highly meta¬ 
morphosed tract. As the question of grade 
of metamorphism is of the utmost import¬ 
ance in the consideration of our Indian 
Archaean schists, it will be appropriate to 
consider this problem further. 

Van Hise’s zones of metamorphism: I have 
referred several times to the metamoiphism 
of the Archaean rocks. The chief meta¬ 
morphic agents are temperature and 
pressure, and, as these increaise with depth 
below the surfaice of the earth, it follows 
that on the whole the more highly buried 
a rock is, the more highly does it become 
metamorphosed and altered. The Ameri¬ 
can geologist, Van Hise, in his famous 
Treatise on Metamorphism, has divided 
the known crust of the eairth into an upper 
zone of metamorphism called the zone 
of katamorphism, aind a lower zone called 
the zone of anamorpMsm. The zone of kata- 
morphism he defines as the zone in which 
the alterations of rocks result in the produc¬ 
tion of simple compounds from more com¬ 
plex ones. This zone, which is, of course, 
that lying nearer the surface, he sub¬ 
divides into the belt of weathering, which 
extends from the surface to the level of 
ground water, and the belt of cementation, 
which extends from the ground-water level 
to the zone of anamorphism. The zone 
of anamorphism is defined by Van Hise as 
the zone in which the alterations of rocks 
result in the production of complex 
compounds from more simple ones. It is. 


mem. GeoL Surv. Ind., XXXVII, p 312, (1909) 
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therefore, the lower zone, and it extends 
from the base of the belt of cementation to 
as great depths as metamorphic effects 
extend. Briefly, the zone of katamorphism 
is that in which compounds are broken 
doam^ and the zone of anamorphism is that 
in which they are built up. 

From the physico-chemical point of view, 
the distinction between these two zones is 
of fundamental importance, and these 
distinctions may be summarised in the 
following quotation {l.c., p. 186) from 
Van EKse: 

‘In conclusion of this part of the subject it may be 
said ^at in the zone of katamorphism the altera¬ 
tions are mainly controlled by the chemical law that 
reactions take place with liberation of heat, and this 
ordinarily results in increase of volume, provided 
the compounds which form remain as soUch. In the 
zone of anamorphism the reactions are mainly 
controlled by the physical law that reactions take 
place with decrease of volume, and this commonly 
results in chenucal reactions with absorption of heat. 
In the upper zone chemical law is the determinative 
factor in the reactions; in the lower, physical law. 
In the upper zone the important chemical reactions 
are those of oxidation, carbonation (involving 
desilication), and hydration; in the lower zone the 
important reactions are those of deoxidation, silica- 
tion (involving decarbonation), and dehydration. 
In the upper zone the minerals are few in number, 
of low specific gravity, and probably of simple mole¬ 
cular structure; in the lower zone the minerals are 
numerous, of high specific gravity, and probably of 
complex molecular structure’. 

GnAermam's zones of mtamorphism: Gruben- 
mann in his notable work ‘Die KristalHnen 
Schiefer’,^ a work, like Van Hise’s 
‘Treatise’, of the first importance to 
students of metamorphism, recognising 
this important relationship between the 
depths to which a rock has been buried 
and the grade of metamorphism to which 
it has b<%n raised, has divided meta¬ 
morphic rocks into three depth zones 
according to— 

1. Temperature. 

2. IVessure: 

(а) Hydrostatic or uniform pressure. 

(б) Stoess or directed pressure. 

3. Combined effect of temperature and pressure. 


In the memoir to which reference has been 
made, I make use of Grubenmann’s 
nomenclature, but I do not propose to 
discuss this fuither here except that it 
seems suitable to introduce a table adapted 
from his work summarising the incidence 
of these factors in the three zones. 

The^/tw and minus signs in the final column 
indicate that the predominant chemical 
interchanges take place according to 
exothermic and endothermic reactions 
respectively; by a comparison with the 
nature of these reactions in Van Rise’s 
zones it will be seen that the change over 
from the exothermic conditions of Van 
Rise’s upper zone of katamorphism to the 
endothermic conditions of his lower zone 
of anamorphism must occur somewhere 
in Grubenmann’s middle zone, the meso- 
zone or zone of meso-metamorphism of the 
third edition of Die Kristallinen Schiefer. 

In the third edition of Die Kristallinen 
Schiefer by Grubenmann and Niggli (I, 
pp. 375, 376) the Greek terms epizone, 
mesozone and katazone are applied to 
these three depth zones, and the forces of 
metamorphism characterising them are 
spoken of as epi-metamorphism, meso- 
metamorphism and kata-metamorphism. 
The use of the prefix Aate in this sense 
is unfortunate, both because of its previous 
use by Van Rise (with its implication of 
breaking dorm, as in the term kataclastic) 
for his upper zone, and because kata is not 
a prefix of position like epi and meso. A more 
suitable prefix is hypo and in the table I 
have substituted ‘hypo-zone’ for ‘kata¬ 
zone’ in accordance with my letter to the 
Geological Magazine on this point. ^ 

Infra-pluionic zone: Grubenmann’s lowest 
zone passes down into my infra-plutonic 
zone,* but as the eclogites supposed to 
characterise this zone are nowhere seen 
at the surface, consideration of this zone 
does not affect our problem of correlation; 
although this conception of an eclogitic 


^eol. Mag., LXIV, p 334, (1927). 

*Rec Geol. Surv. Ind., XLIII, p 43, (1913). 
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Table 


Determinimg Factors of the Individual Zones 


Results 


Zone 

Temperature 

Hydrostatic 

pressure 

Stress 

Predominating form 
of metamorphism 

Thermal 

effect^ 

Highest Zone 
(Epizone) 

Moderate 

Mostly small 

Often strong, 
also lacking 

Mechanical and 
chemical. Forma¬ 
tion of principal 
water-holding 
silicates 

+ 

Middle Zone 
(Mesozonc) 

Higher 

Mostly 

stronger 

Often still 
very 

strong, also 
lacking 

Chemical (Riecke’s 
principle) 

+ (-) 

Lowest Zone 
(Hypozone) 

Very high 

In many cases 
very strong 

Mostly weak 
or often 
quite lacking 

Chemical (Slow 
re-crystallisation, 
often with reten¬ 
tion of form) 

-(+) 


shell to the earth provides attractive 
explanations of the manner in which the 
isostatic balance of mountain and plain 
is maintained, of the source of deep- 
seated earthquakes, and of the widespread 
basaltic lava flows that periodically over¬ 
whelm the surface of the earth, as well as 
of the chondritic meteorites, I must resist 
the temptation to enlarge upon these 
matters, especially as I was able to sketch 
them briefly in an address on ‘Earth¬ 
quakes and Garnets’ given to the United 
Provinces Academy of Sciences last 
April. 

8. Lead-ratios and Helium-ratios 
In the previous sections we have been 
dealing with criteria which are within the 
legitimate sphere of the geologist who 
specialises upon the study of the Archaean 
rocks. It must appear to some of you that 
in spite of these numerous criteria, since 


none of them are continuously applicable, 
and specially because of the confusing 
effects of variable metamorphism, it must 
in many cases be difficult or impossible 
for the geologist to be certain of his results 
when working amongst these old rocks. 
This is indeed not infrequendy the case. 
Fortunately, however, the physicists, with 
the discovery of the fact of the radio¬ 
activity of certain elements, and parti¬ 
cularly with the discovery that such 
elements owe their special properties to 
atomic disintegration, and that from this 
disintegration a stable element may be 
produced, have come to the help of the 
geologist. In this discovery we are witness¬ 
ing me fashioning of a new weapon for 
deterpiining the age of minerals and thus 
the nijnimum age of the rocks containing 
them, a weapon that in the absence of 
fossils'is particularly welcome to students 
of pre-Cambrian geology.^ 


^First Edition, 1904. Second Edition, 1910. 

Tiiird Edition, 1924, in collaboration with P. Niggli, under the title'Dic Gestcinsmetamorphose’. References, 
unless otherwise stated, are to the second edition. 

*For an explanation of the term Warmetonung (‘heat-toning’) see Nemst’s ‘Theoretical Chemistry’, 
translated by C S Palmer, pp 430,491, (1895); ako Van Rise’s ‘Treatise of Metamorphism’, p 106, (1904). 
^The contributions of Rontgen, Becquerel, Madame Curie, Rutherford, Soddy, Boltwood and others 
to the discovery are referred to in Parts III and IV of Volume IV of the ‘Physics of the Earth’entitled 
‘The Age of the Earth’, by A. F Kovarik and A Holmes respectively, and entitled respectively ‘Calculating 
the Age of Minerals from Radio-Activity Data and Prmciplcs’ and ‘Radioactivity and Geological Time., 
See Ra/I. National Res. Comal of the National Acad. ofSei., Washington, DC No. 80, June 1931, pp 73-123 
and 124-469. 
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Lead-ratios: This new weapon is the 
determination of the ratio in an otherwise 
fresh mineral (between an ultimate pro¬ 
duct of disintegration (lead) and the 
element (uranium or thorium) of whose 
radioactive disintegration it is the final 
product. As may well be supposed many 
experimental difficulties have been en¬ 
countered in the perfecting of this weapon, 
and although the accuracy of the method 
is not complete, yet it has yielded results 
of a sufficient degree of consistency to 
show that used with discretion it will 
ultimately provide a means of correlating 
the various igneous intrusives of pre- 
Cambrian age in so far as they yield 
radioactive minerals. 

Prof A Holmes, who has made a special 
study of the utilisation of these data on 
radioactivity, has succeeded in drawing 
up a provisional table p. 444) of 
pre-Cambrian correlation, in which he 
divides pre-Cambrian times into three 
sections as follows:® 

Lead-ratios 

Upper Pre-Cambrian 0.08 to 0*11 

Eparaehacan Interval 

Middle Pre-Cambnan . 0*125 to 0 16 

Epi-Laurentian Interval 

Lower Pre-Cambrian . 0*185 to 0*2 

In this table he shows the pre Cambrian 
of Fenno-scandia, the Canadian Shield, 
South and Central Africa, Peninsular 
India, and Australia. The only minerals 
from India and Ceylon for which the 
lead-ratios have been determined are as 
follows: 

Uraninite, Ceylon .. .. 0'065 

Thorianite, Ceylon .. . 0*08 ca. 

Uraninite, Gaya .. .. 0-12—OlSca. 

On these data Holmes places the Ceylon 
minerals in the Upper Pre-Cambrian, 
treating the pegmatites from which they 


were derived as roughly equivalent in age 
to the Jalor and Siwana granites of 
Rajputana, which may possibly be of 
Lower Vindhyain age as stated by Holmes, 
but are preferably regarded as inter¬ 
mediate in age between the Delhi and 
Vindhyan systems.® The uraninite from 
Gaya is from pegmatites, that he treats as 
belonging to younger Archaean granites. 

In addition to the uraninite and thorianite 
mentioned above, India and Ceylon have 
yielded numerous radioactive minerals, of 
which monazite, thorite, zircon, and 
samarskite, may be mentioned as provid¬ 
ing scope for much useful work on this 
problem. 

Messrs N A Yajnik and Saral Jang Kohli 
have investigated the radio-activity of 
certaiin Indian minerals, determining the 
radium contents thereof,^ but this is useful 
for our present purpose only in indicating 
minerals of which the lead-ratios could 
profitably be determined. The minerals 
investigated are uranium-ochre and colum- 
bite from Gaya, samarskite from Nellore, 
uraniferous apatite-magnetite-rock from 
Singhbhum, and cordierite-rock from 
Travancore. Of these the uranium-ochre 
from the Gaya district and the samarskite 
from the Nellore district are by far the 
most radioactive. 

Helium-ratios: Another method that has 
been investigated is that of helium-ratios, 
that is of helium to uranium and thorium,® 
dependent on the fact that helium is 
produced during the disintegration of 
uranium and thorium. This method has 
been specially developed by R J Strutt 
(now Lord Rayleigh). It has not yet 
proved as reliable as the method of lead- 
ratios, owing to the facility with which 
helium, especially if present in quantity, 
escapes from minerals. The results obtained 


*See also A Holmes, ‘Radioaktivitat und Geologic’, Verh. d. Taturf. Gesellsck. in Basel, XLI, pp 136-185, 
(1931); p 157. 

*A L Goulson, ‘The Geology of Sirohi State, Rajputana’, Mem. Sure. Ini., LXIII, p. 103, (1933); A M 
Heron, Trans. Hat. Inst. Set. Ind., Vol. 1, p 20, (1935) 

^Jowm. As. Soc. Beng., N.S., XX, pp 225-238, (1925) 

*Holmes, loc. eii., pp 393-426. 
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are thus always minimum values. One of 
the minerals studied by Strutt is zircon® 
from various localities, which have given 
helium-ratios on the whole proportional 
to the geological age. Amongst the speci¬ 
mens investigated are zircons from Ceylon 
gem gravels, regarded as probably of 
Upper Pre-Cambrian age by Holmes. 
Spbenes, phosphatic materials and iron- 
ores have also been investigated by Strutt 
for their helium-ratios, and also a number 
of other minerals from various localities 
by Strutt and others, including thorianite 
from Ceylon. A comparison by Holmes 
of helium-ratios with lead-ratios shows 
that the age of a mineral calculated from 
its helium-ratio is rarely over 60 per cent 
of the true value and is generally less than 
40 per cent. 

According to Holmes,* however, the loss of 
helium from close-grained igneous rocks— 
especially if they are free from glass—^will 
be a lower order than that characteristic 
of ‘radioactive’ minerals. 

Dr V S Dubey of Gwalior, partly in 
collaboration with Dr Gunther in Berlin, 
and partly in collaboration with Holmes, 
has made a preliminary investigation of 
these possibilities and has determined the 
helium-ratios of rhyolites and basalts from 
Pavagadh Hill in Gujrat and of the 
Cleveland dyke and Whin Sill in England. 

Dr Dubey has also investigated the helium- 
ratios of the basic rocks of the Morar 
stage of the Gwalior series, regarded as 
pre-Cambrian in age and grouped with 
the Puranas. Three different rocks were 
analysed with widely divergent results. 


the age indicated ranging from 203 to 
500 mllion years, the highest result 
being given by the finest grained rock 
(a fine-grained basalt flow). Using the 
latter result only this determination indi¬ 
cates, according to Holmes, a late pre- 
Cambrian age for the Gwalior basalt. It is 
evidently considered by Holmes that with 
these fine-grained rocks of low helium 
contents there is no substantial leakage 
of helium to be allowed for.® 

During his earlier investigations of helitun- 
ratios. Lord Rayleigh (as R J Strutt) 
found that certain beryls of Palaeozoic age 
from the U.S.A. contained much more 
helium that could be accounted for by 
the small traces of radioactive matter of 
the uranium and thorium series present. 
Recently Lord Rayleigh has made a 
special investigation into the helium 
contents of over 60 specimens of beryl®. 
These, although predominantly of Archaean 
age, included a considerable number from 
later geological formations. Taking either 
the maximum quantities of helium (cubic 
millimetres per gram of beryl) or the 
median quantities, it is clear that there 
is a relationship between hehum contents 
and geological age, showing that the 
helium has accumulated in beryl during 
geological time. It is also known that the 
helium is not derived from uranium or 
thorium, and the preliminary deduction 
is that the helium is derived from the 
atomic disintegration of beryllium*. 

There is a possibility, therefore, that 
ultknajEely helium-ratios may provide some 
guide to the age of beryls and thus of the 
rocks, usually pegmatites, containing them. 


•Holmes, loc. at., p 402 

•Holmes, loc. eit., p 411.1 do not agree with Dr. Dubey’s interpretation of the structure of Pavagadh HiU 
in accordance with which he regards the acid rock on the summit as a plug, mstead of a flow as deter¬ 
mined by W T Blanford and myself and recently confirmed by Dr A M Heron [see Ree Geol Sum Ind, 
XXXIV, pp 148-166, (1906), and LXVIII, p 17, (1934)]. Accordmg to Holmes the hchum-ratios of 
the rhyoKtes (felsites of Dubey) are clearly low, so that the rhyoHtes may be much older than is indicated 
by Dubey and Holmes. 

•‘HeUum ratios of the basic rocks of the Gwalior series’, JVatere, Vol 126, p 807, (1930) 

•Zoc. cit , p 409 

* ‘Beryllium and Helium. I—The Helium contained in Beryls of Varied Geological Age’, Proe Roy Soe 
A, CXLIl, pp 370-381, (1933) 

* Nature, Vol 131, p 724, (1933) 
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For the above investigation 17 of the 
specimens were provided by myself from 
the collections of the Geological Survey 
of India*. Six out of the first eight speci¬ 
mens arranged in order of helium contents 
came from India. 

Pleochroic haloes: One other method of 
utilising the radioactive properties of 
minerals may be mentioned, namely 
measurement of the rings of pleochroic 
haloes in biotite and cordierite. Much 
research on this was done by Joly, but 
sufficient success in the interpretation of 
results has not been obtained to render it 
necessary here to refer further to the 
problem.^ Pleochroic haloes have been 
noticed in various minerals in India, and 
there is a field for research on this question. 

I have dealt with this last criterion of lead- 
ratios and helium-ratios at some length 
because it will be of special interest to 
physicists present; and in order to bring 
to the notice of our physical and chemical 
fiiends, who are equipped with the 
necessary apparatus and experience to 
undertake the research, that there is a 
great field for research on radioactive 
minerals in India. The Geological Survey 
of India is in possesrion of the material, 
and 1 do not doubt that my successor as 
Director—Dr Heron—would be only too 
glad to help in the provision of material 
for properly directed investigations. For 
it must be emphasised that such research 
will be of no value to the geologist, but 
will only create confusion, if it is not to 
the last degree accurate. 

m. Gonclusion 

I hope that this address has not seemed 
too abstruse to those who are not geo- 
logKts. In any case, I hope I have succeeded 
in indicating that we geologists do not 


practise a science enclosed in a water¬ 
tight compartment. We are dependent at 
every step upon other scientists. Thus we 
rely upon help firom the physicists and 
chemists in the determination of the 
physical constants and the chemical com¬ 
position of minerals and rocks, in the 
solution of the problems of seismology 
and geophysics, and in the determinations 
of the radioactive constants of minerals 
and rocks; to the botanist and zoologist 
we look for help in understanding the 
relationships of the organisms now re¬ 
presented by fossils; we join with the 
astronomer when we pursue our geology 
back to the earliest history of our globe and 
contemplate the relationship of our earth 
to other stellar bodies. 

Although the geologist makes so much use 
of the researches of other branches of 
science, he hopes that he provides an 
adequate quid pro qoo. Geology is in a 
way the science that synthesises all others, 
as it is the science of the earth upon 
which we live. The geologist is therefore 
often able to provide a check to other 
sciences, and to help with suggestions for 
research. A classic example of the former 
is the refusal of geologists to accept the 
restricted age that physicists and astro¬ 
nomers were formerly prepared to allow 
to our earth as compared with the require¬ 
ments of geology to provide for the facts of 
sedimentation and the evolution of life; 
the discovery of radioactivity has solved 
the difference, so that physicists now 
allow to the geologist the time he wishes. 
A classic example of the assistance given 
by geological science to other sciences 
lies in the fact that the fossils discovered 
during his stratigraphical researches have 
provided materials of fundamental im¬ 
portance to the theory of the evolution of 
life upon the earth. 


® Th^ were derived from Mysore, Assam, Nellore and Coimbatore in Madras, Bhandara, Central 
Provinces, the Bihar mica belt, Ajmer, Kishengarh and Gwahor in Rajputana (possibly all Archaean m 
age); from Padar in Kashmir (of doubtful age); and from Tavoy in Burma and from Chitral (both prob¬ 
ably Mesozoic). One of these specimens, from the Bangalore-Kankanhalli Road, Mysore, contains more 
than twice as much hehum as the beryl of any other locality 

* Reference may be made to Chapter II of Part IV, by Holmes, pp 159-196, of ‘The Age of the Earth’, 
already cited, for a detailed account of the researches into this method. 
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Both these points have resulted from the 
researches of the geologist into the strati- 
graphical succession of the rocks of the 
earth’s crust- It will be seen, therefore, 
that the general subject of this afternoon’s 
address, the correlation of strata, is one 
not only of economic interest to the 
mineral industries and of general interest 
to the geologist, but is also a subject that 
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has had profoundly important reper¬ 
cussions upon astronomy, physics, zoology 
and botany- The restricted section of the 
subject with which I have more parti¬ 
cularly dealt takes us back to the primor¬ 
dial days when at one end geology 
merges with astronomy and at the other 
end with the appearance of life upon 
earth. 


I 



PROGRESS OF GEODESY IN INDIA 

H J COUCHMAN* 

(delivered at Hyderabad^ 1937) 


The study of Geodesy in, India has been 
for many years confined ahnost entirely to 
the Survey of India department of the 
Government of India and as the head of 
that department, it appears to me to be 
a suitable subject with which I should 
deal. I must however explain that I have 
not personally been connected with this 
branch of our departmental activities for 
many years and I can therefore only be 
the somewhat halting mouthpiece of others. 

Geodesy, or earth measurement, is a 
science with which any survey department 
is intimately concerned. Without know¬ 
ledge of the shape, or as it is generally 
termed the figure, of the earth the mapping 
of any considerable portion of the earth’s 
surface is impossible, in the sense that the 
positions of points on that surface cannot 
be accurately defined by their latitude and 
longitude, and isolated surveys cannot 
be connected together. 

The making of disconnected maps in 
India began about the middle of the 
18th century but it was not until the end 
of that century that a start was made 
to cover India with a network of accurately 
fixed triangulated points. This network 
was primarily required for the control of 
surveys by preventing the accumulation 
of errors, but it has been used along with 
triangulated arcs in other parts of the 
globe to detennine the figure of the earth 
and to this extent its purpose was geo¬ 
detic. 

The year 1802, when Colonel William 
Lambton measured his first base line near 
Madras may be taken as the beginning 
of the study of geodesy in India. This 


study has continued with little interrup¬ 
tion to the present time. 

India has been a particularly favourable 
area for this study. Firstly, with the 
exception of the United States of America, 
it is probably the largest developed area 
under the control of one administration. 
The difficulties, met with in other conti¬ 
nents, in the initiation and co-ordination 
by different Governments of geodetic 
work have consequently been absent. 
Secondly, its shape provides an extremely 
long stretch of land area on one meridian; 
firom Gape Comorin in a due northerly 
direction to the foothills of the Himalaya 
(beyond which accurate geodetic work 
is hardly practicable) we have some 
1,500 miles of country available. The 
value of this lies in the fact that prior 
to the electric telegraph the accuracy of 
astronomical determinations of longitude 
was in no way comparable to those of 
latitude. Consequently the earlier attempts 
to denve the figure of the earth were 
based on arcs measured along a meridian 
and have only comparatively recently 
been extended to arcs along a parallel. 
Thirdly, in the mountains to the north 
it possesses the most elevated portion of 
the earth in close proximity to deep 
oceans. It has at its very door ample 
material from which the attraction of 
local masses can be calculated and 
analysed, and theories formulated as to 
the structure of the earth. But it has been 
fortunate in another way. All these favour¬ 
able attributes would have been wasted, 
anyhow for many years, but for the two 
great pioneers of geodesy in India, Colonel 
Lambton and Sir George Everest. These 
two between them controlled the early 


^Brigadier OoucHman held office of the President against interim vacency from 1.4.1936 to 31.12.1936. 
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geodetic work in India for over 40 years 
and laid down for their successors a lasting 
framework on which to build. 

The earliest years of geodetic study in 
India were spent in the measurement of 
base lines and arcs of triangulations and 
astronomical observations of latitude at 
selected stations along these arcs. By 1830 
sufficient data had been accumulated to 
enable Sir George Everest to calculate 
his figure of the earth. The necessity for a 
recalculation of this figure had been 
apparent for some years but had obviously 
to wait xmlil data were deemed to be 
sufficient. Until then the calculation of 
latitude and longitude of triangulated 
points, necessary for the purpose of survey, 
had to be based on some more or less 
arbitrary figure and it is known that this 
arbitrary figure had to be changed several 
times, as its unsuitability became apparent 

Everest’s figure has been used for the 
computation of the whole of the Indian 
triangulation and it is therefore of interest 
to record that it is an oblate spheroid of 
which the major or equatorial semi-axis is 
6377*3 kilometres with an ellipticity* or 

flattening of g^^* Further investigations 

have shown that this spheroid is slightly too 
small, the modem value of the major semi¬ 
axis being about 6378*4 kilometres or 
some 1,200 yards greater, with an ellipticity 
in the region of 1/295 making the polar 
semi-axis about half a mile greater than 
Everest’s. 

The result of using Everest’s spheroid as 
the reference figure for computing the 
elements of the Indian triangulation is 
that India occupies on its maps slightly 
more than its proper share of the earth’s 
surface. In longitude from Baluchistan 
to Burma a distance of some 2,500 miles 
this excess is about 2,500 feet. This excess 

* If a =major semi-axis (equatorial) 
b = minor semi-axis (polar) 

CL—b 

than ellipticity = - 


will cause no embarrassment until our 
neighbours carry out independent geodetic 
triangulation and mapping up to our 
common frontier where each point on the 
ground will then have two values of 
latitude and longitude, our own and our 
neighbours’. Until there is a prospect of 
this, the immense labour of republishing 
all Indian maps on a corrected graticule 
is not worth undertaking. Siam is at 
present our only neighbour that has carried 
out accurate triangulation up to the 
Indian border but as they have so far 
accepted the Indian values of latitude and 
longitude for their base station there is 
no discrepancy in maps. 

DeflecttooL of the vertical 

The geodetic method of calculating the 
figure of the earth is to relate the linear 
distances along a mendian or parallel 
between fixed points as determined by 
triangulation with the angular distance 
as determined by the difference of astro¬ 
nomical latitudes or longitudes. Such a 
method can only give good results if the 
instrument to measure the vertical angles 
necessary for latitude or time is truly 
horizontal, that is to say tangential to the 
spheroid of reference which is to be ob¬ 
tained. In the vicinity of large excesses of 
matter this condition is not obtained, 
since the mass deflects the vertical. All 
astronomical measures of latitude or time 
are therefore in error by the difference 
between the local vertical or direction of 
gravity, and the time vertical or normal to 
the spheroid of reference. 

In calculating this spheroid therefore it is 
clear that stations in the vicinity of very 
large excesses or deficiencies of matter 
should be avoided. 

With the elements of the spheroid of re¬ 
ference thus obtained the latitudes and 
longitudes of points fixed by triangulation 
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are calculated and by comparin,? these 
values with those obtained astronomically 
a measure of the angular displacement or 
deflection of gravity is obtained. It must 
however be remembered that this measure 
is not absolute but will vary as the elements 
of the spheroid, or other figure of reference 
selected, are changed. 

When these deflections were obtained at 
stations near the foot of the Himalaya and 
it was found, of course, that they were 
towards the mountains, attempts were 
made to coimect the amount of deflection 
with the amount of the visible excess of 
matter. It was soon apparent that such 
connection presented great difficulties. The 
calculated effect of the visible excess of 
matter was in all cases far greater than the 
observed deflection. At Dehra Dun at the 
foot of the Himalaya, for example, the 
calculated deflection was 86 seconds of arc 
as against an observed value of 37 seconds. 

The question was referred about 1853 
by Sir Andrew Waugh, the Surveyor- 
General, to Archdeacon Pratt of Calcutta, 
a distinguished mathematician, and he 
propounded his theory of mountain com¬ 
pensation or what is termed isostasy to-day. 
I return to this theory later; it is sufficient 
here to remark that the theory did not 
completely explain the observed deflec¬ 
tions. 

Other geodetic work 

For nearly forty years this aspect of geo¬ 
desy was not seriously pursued in India 
no doubt because it was realized that 
more data was necessary, but in 1901 Sir 
Sidney Burrard again directed attention to 
the problem in his famous paper ‘On the 
attraction of the Himalaya mountains 
upon the Plumb line’. During this interval 
geodetic work did not cejise. India was 
gradually being covered with a network 
of primary triangulation, which is even 
to-day not quite complete, tidal ob?erva- 
tions were made to determine the mean 
sea level as a datum for the level net and 
the first series of pendulum observations 
to determine the force of gravity were 


carried out in the late 1860s. The telegra¬ 
phic connection of India with Europe 
enabled an accurate calculation of lon¬ 
gitude to be made about 1898, incidentally 
shifting India some miles west of its 
previous place on the globe to occupy a 
position which modem methods and appa¬ 
ratus have shown to be extremely accurate. 

Recent progress 

The present century has seen a great 
revival of geodetic study in India. The 
principal activity has been the accumula¬ 
tion of values of the force of gravity by 
means of the pendulum and of its direction 
by astronomical observations already 
referred to. In 1909 Mr. J. F. Hayford of 
the United States Coast and Geodetic 
Survey published his investigations into 
the theory of isostasy and this was shortly 
followed in India by preliminary discus¬ 
sions of the correctness of his theory as 
judged by Indian data. 

Hayford’s theory stated briefly was that 
above a certain depth below sea-level the 
mass in any column of unit area is the 
same whatever its height, or in other 
words that mountains and seas are com¬ 
pensated by underlying deficiencies and 
excesses of density. The theory is practically 
the same as that of Archdeacon Pratt to 
which I have referred above but is stated 
in a more precise way. Hayford’s calcula¬ 
tions of the depth at which compensation 
was complete produced the figure of about 
70 miles, subsequently reduced to about 
60 miles, below the sea-level surface. 

Although this theory reduced materially 
the anomalies or differences between the 
theoretical and observed values of the 
force and direction of gravity, thus showing 
that a certain degree of compensation 
does exist, it has all along been held in 
India that the isostatic theory is only a 
partial explanation of observed results. It 
has been more successful in North America 
than in India in reducing anomalies and 
this may possibly indicate that, the former 
continent is geologically more stable. In 
India, however, the data accumulated 
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seem clearly to point to the existence of 
deep-seated belts of excesses and deficien¬ 
cies of density which have little relationship 
to surface geology or topography. The 
existence of what is probably the most 
marked of these belts was suggested by 
Sir Sidney Burrard some 30 years ago and 
called by him the Ehdden Range, which 
runs across India slightly north of west 
through Jubbulpore. He derived this from 
a study of the deflections of the plumb 
line in Northern India and its existence 
becomes more and more certain as data 
are accumulated, not only of the direction 
but of the force of gravity. Such belts are 
inconsistent with any rigid and precise 
theory of isostasy such as that enunciated 
by Hayford which assumes that underlying 
densities vary only with surface heights 
and depths. Admittedly any theory as to 
the density of deep-seated masses must 
be put into a reasonably precise form to 
permit its effect on gravity to be computed 
with reasonable ease and one cannot con¬ 
demn such a theory for its failure to explain 
all anomalies. The object should be to 
superimpose on the theory broad hypo¬ 
theses which remove so much of the 
residual anomaly as to enable the remain¬ 
der at any station to be attributed to such 
local variations of density as are acceptable 
to geologists. Clearly any anomaly of 
gravity at any one station can be removed 
by some assumption of local density but 
this assumption will affect neighbouring 
stations also and may increase the ano¬ 
maly there; it may also be intrinsically 
impossible. Thus earlier attempts to explain 
by local conditions the great deficiencies 
of gravity in North Bihar resulted in the 
postulation of such a depth of light allu¬ 
vium as could not be accepted. 

If, however, broad assumptions of deep- 
seated variations of density do succeed in 
very materially reducing anomalies over 
large areas without increasing others, 
there is some certainty that they are 
correct. It is on these lines that Lt Colonel 
Glennie of the Survey of India and a 
Fellow of this Institute has been working 
for seme years After allowing for a 


measure of isostasy and for the effect of the 
Hidden Chain, he finds that the residual 
anomahes in the force of gravity can be 
further materially reduced by postulating 
other continuous crests and troughs in 
the dense sub-crust. He calls these up-warps 
and down-warps and has propounded 
theones as to their origin which are being 
discussed. Charts showing these warps 
are published in the Geodetic Reports of 
the Survey of India. The study of these 
deep-seated features, which are believed 
to originate some 10 to 20 miles below the 
surface, will, it is hoped, throw some light 
on seismological problems and also on so 
different a matter as water-logging in 
irrigated and other areas. 

Tlte form of the geoid 

Hitherto in referring to the figure or 
shape of the earth we have considered 
only a generalised figure which can be 
expressed in a reaisonably simple mathe¬ 
matical form. Such a form is necessary for 
purposes of computation—to convert the 
measurements obtained by tiiangulation 
into latitude and longitude of the points 
fixed. By the middle of the eighteenth 
century it had become established that the 
actual shape of the sea-level surface of the 
earth, i.e. the geoid, could be more closely 
represented by a simple oblate spheroid 
than by a sphere. It is quite possible that 
an even closer approximation would be 
tri-axial ellipsoid but this would involve 
considerable loss of computational ease. 

All countries which have executed any 
triangulation use an oblate spheroidal 
figure for computation of latitude and 
longitude but the elements of these sphe¬ 
roid are not always the same. In India, 
as I have mentioned, the spheroid used 
could definitely be improved upon al¬ 
though the labour involved in the change 
would be immense. But the enormous 
advantages that India has derived from 
the early execution of triangulation has 
vastly outweighed the disadvantage of 
using Everest’s spheroid and we have no 
cause to reproach our predecessors for 
this use. Had they postponed the computa- 
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tion of the triangulation until the elements 
of the spheroid had been more accurately 
determined the main advantage of that 
early start would have been lost ? As it is, 
India has been free from the difficulties 
experienced by many countries which 
have carried out detached surveys without 
a rigid framework of triangulation. Our 
difficulties in fact have been relegated to 
the frontiers where they are clearly of less 
importance. 

But whatever spheroid is used it is evident 
that it cannot absolutely represent the 
geoid. Excesses and deficiencies of matter 
and of density must distort the geoid from 
any purely mathematical form, and it is to 
these distortions, or as they are usually 
called separations, of the geoid from the 
assumed spheroid that considerable atten¬ 
tion has been recently devoted in India. 

From a study of the changes in the direction 
of gravity along a line of stations, it is 
possible to compute the changes in separa¬ 
tion that will account for them. Given a 
sufficiency of such stations the separations 
can be displayed by contours on the 
spheroid thus clearly showing the shape 
of the actual geoid. 

Charts showing these contours are 
published from time to time in the Geodetic 
Reports of the Survey of India and the 
shape of the geoid in Peninsular India 
appears now to be fairly well established. 
More data are needed in Burma and in the 
Himalaya in both of which areas the geoid 
seems to present imusual features. Whereas 
in Peninsular India the separation of the 
geoid from the International Spheroid, 
the figure adopted by the International 
Union of Geodesy and Geophysics, varies 
between about 35 feet above to 40 feet 
below, there are indications that in 
Southern Burma the geoid rises to some¬ 
thing like 140 feet above the spheroid. 

In spite of the forthcoming separation of 
Burma from India it is hoped that it may 


be possible to obtain further data in this 
area to elucidate this peculiar feature. 

The Hidden Range is clearly shown by 
these geoidal contours which along a line 
through Sambalpur, Jubbulpore, Jodh- 
pore, and Quetta indicate a crest of 
between 20 and 35 feet as compared with 
depressions of 40 feet near Gorakhpur to 
the north and 10 feet near Belgaum and 
Madras to the south. 

The^ geoidal contours have an intimate 
bearing on the heights of mountain peaks; 
these have been obtained by measurements 
of angles of elevations from distant points, 
and not, of course, by spirit levelling up 
to the summit. While the latter method 
^ves_ true geoidal heights, since the level¬ 
ling instrument at each station assumes a 
position parallel to the geoid, the former 
does not. After correcting for refraction 
the hieght obtained is above the geoid at 
the station of observation and would only 
represent the true geoidal height if both 
station and peak were on the same geoidal 
contour. As this is unlikely, the heights of 
all distant peaks require a correction at 
present unknown and this fact explains 
the reluctance of the Survey of Inffia to 
change the well-known height of Mount 
Everest, 29,002 feet, to a more accurately 
calculated but non-geoidal value of 29,141. 

If I may be permitted a word of depart¬ 
mental glorification, I will conclude by 
remarking that the geodetic activities of 
the Survey of India have been commended 
on many occasions by other countries 
and it is our hope that these activities 
will be continued for many years to come. 

The study of geodesy is inevitably one 
involving much patience and persistence; 
results are hard to come by and their 
practical value is often doubted. Provided 
liaison is maintained with geology and 
geophysics, geodesy must lead to a better 
knowledge of the earth’s structure and 
thus extend the discoveries of these 
sciences. 



Professor Meghnad Saha, FNA* 

(Foundation Fellow^ President 1937-38) 
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THE PROBLEM OF THE INDIAN RIVERS 


M N Saha 

(delivered at Calcutta, 1938) 


1* Introduction 

Indian Civilization mainly a River Valley 
Civilization: 

You would probably like to know why 
I chose this particular subject for my 
address. India is vast enough to acco¬ 
mmodate all the countries of Europe 
except Russia. The Indian population is 
still mainly concentrated in the valleys of 
the great rivers which intersect this 
continent. With a few exceptions, the great 
cities which are centres of industry, culture 
and administration are mostly to be found 
on the banks of the great rivers. If we go 
back in time and survey our past history, 
which can now be traced to 4,000 years 
before Christ, we shall find the same 
story; my own studies in the history of our 
country have confirmed me in the belief 
that even 200 years ago, there was a very 
scanty population in the country away 
from the banks of the great rivers. 

Rivers essential for agricultural communities: 
In fact, this condition is not peculiar to 
India. Human civilization on this globe 
of ours has, since time immemorial, 
chiefly centered about rivers and river 
basins. Who can conceive of Egypt without 
the Mle, of ancient Sumer and Babylon 
without the Tigris and the Euphrates, 
and of China without the Hoang-ho (the 
Yellow River) and the Yangtsekiang? 
The early growth of settled human life 
in river basins is to be ascribed to the 
fact that rivers supplied the largest amount 
of needs of early societies which were 
mainly agricultural. They supplied them 
with the aU-important water for drinking, 
bathing and other domestic uses, and for 
irrigating their fields. Rivers also formed 
the indispensable highway of communica¬ 
tion before the discovery of the steam 
locomotive. Since rivers were so important 
to human life in its early stages of cultural 


development, convenient sites on them 
used to draw large populations, and such 
sites gradually grew to be great cities and 
capitals of mighty empires. 

Mw Pathways of Human Activity: The rise 
of maritime civilizations like those of 
Greece (centred round the Aegean Sea) 
and of Rome (centred round the Mediter¬ 
ranean Sea), which was due to the 
extension of human activity away from 
riparian tracts, did not at all diminish the 
importance of rivers, though development 
of maritime activities gave rise to new 
centres of population like sea-ports. But 
these were generally clearing houses for 
the country products, which were produced 
in riparian tracts. In modem times, the 
growth of large-scale human activities and 
of the factory system has given birth to 
new centres of population which are in 
many cases away from rivers, but as the 
largest part of humanity has still to depend 
on agriculture, the rivers have not lost 
their importance to mankind. Moreover, 
in recent times, in addition to agriculture, 
novel use has been found for rivers. In 
the first place, for convenient and cheap 
transport of goods it has been found that 
no other method of communication can 
beat river transport. Secondly, some of 
the rivers, if properly harnessed, can 
supply electrical power which is all 
important for the development of industry 
and for other human needs in the present 
century. 

2 . Rivers need attention 

IrrigaHon an ancient art: The importance of 
rivers may be gauged from such phrases 
as 'Egypt is the gift of the Nile’. But 
experience has also shown and this was 
also known to early human communities 
that rivers need attention. First of all, 
there is the annual cycle; during one 
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season of the year the rivers are filled to 
the brim with water, sometimes overflow 
the banks, and inundate the fields. Then 
comes the lean period when they almost 
run dry. The ancient peoples found that 
if these phenomena could be controlled, 
the rivers could be made to do more good 
than if they were left to themselves. Out 
of these considerations rose the art of 
irrigation, one of the oldest ever practised 
by the human community. 

Irrigation in ancient countries: Irrigation in 
different ways was practised on a stu¬ 
pendous scale in Egypt, Babylon, old 
China, as well as in India. In fact, the 
existence of the community depended 
upon the successful practice of irrigation. 
In Mesopotamia, the two rivers run 
through a desert country and only a small 
fringe of land, on either side of each river, 
is directly accessible to river water. But 
the ancient dwellers of the land, the 
Sumerians, five thousand years ago, cut 
canals firom the rivers and irrigated their 
fields, which were away from the imme¬ 
diate reach of the rivers. In fact, but for 
the net-work of irrigation canals with 
which the whole land was intersected, very 
little of the country would have been 
habitable. Elaborate precautions were 
taken by the State for maintaining the 
canal system firom the attacks of external 
enemies and firom the harmful effect of 
internal quarrels. This magnificent canal 
system was the cause of the great pros¬ 
perity of ancient Iraq, up to 1258 AD, 
when the Mongols under Hulagu Khan 
conquered the country, and systematically 
destroyed the canal system by blocking 
the mouths of canals and allowing them 
to fall into decay. Iraq, which up to the 
13 th century, contained the greatest cities 
of those times in the world (e.g. Baghdad) 
and. was farfamed for its culture and 
prosperity, has never recovered firom this 
catastrophe. 

Modernization of Egyptian Irrigation: While 
the Babylonians practised perennial irri¬ 
gation, the Egyptians practised ‘Basin 
Irrigation’ from time immemorial. They 


anxiously waited for the Nile to overflow 
its banks which it did with clocklike 
regularity, and then held up the water by 
throwing earthen mounds round their 
fields. In recent years, basin irrigation, 
which allowed only one crop to be grown 
in the year, has been converted to ‘peren¬ 
nial irrigation’ by the construction of the 
Assouan and other dams across the Nile. 
This has allowed Egypt to raise two to 
three crops in the year. 

3. Irrigatioii in Ancient India 

It is well known to every reader of history 
that irrigation has been practised from 
time immemorial in India, but owing to 
the vastness of the country the system 
practised has not been uniform as in Egypt 
or Babylon. During the troublesome days 
which ensued after the weakening of the 
Mughal dynasty about 1740 AD, and the 
re-establishment of settled rule under the 
British about 1800 AD, most of these 
ancient systems bad fallen into decay, but 
sufficient had subsisted to enable us to 
form an idea of the way in which irrigation 
was practised in different parts of the 
country. 

Diversity of Indian Irrigation in former times: 
In Modem India first of all, there are the 
arid areas of Sind and Southern Punjab 
which receive very little rainfall. Then 
come the precarious areas (areas of scanty 
rainfall) of the Punjab, Here, in ancient 
limes, water was tapped by canals which 
were cut off from the banks of the rivers. 
The canals were filled with water only 
during floods. The western part of the 
Ganges valley does not suffer so much 
from defect of rainfall, but there are wide 
tracts in this part which are far away from 
the banks of the main rivers, and from 
which rainwater drains off quickly. The 
problem is to bring water to these areas 
by means of perennial canals. Southern 
India again presents a different aspect. 
In the centre it is a table-land, and the 
rain, which falls mostly within a short 
period, drains off quickly to the eastern 
sea. Ancient rulers held up the water by 
throwing dams across convenient sites on 
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river courses, and thus creating reservoirs 
and artificial lakes firom which water 
could be tapped for agricultural purpose 
whenever necessary. This is sometimes 
known as storage or tank irrigation. Besides 
these areas, we have in India the lower 
basins of the riven, where the flow is 
perennial, and the deltaic regions, where 
in addition the rainfall is abnormally 
large. These areas present quite diflferent 
problems, but to these I refer later 
on. 

The practical Indian Mind in ancient times: 
The successful practice of irrigation 
demands organization, settled government 
and scientific knowledge. Were ancient 
Indians capable of attacking the problem 
on scientific lines ? To the western world, 
India was known as a land which for all 
ages has been full of unpractical dreamers 
and philosophers. It was a mild shock 
to the West when, in 1909, an old Sanskrit 
manuscript, Kautilya’s ‘Arthasastra’, was 
discovered. 

This book reveals a different type of 
Indian mentality. Professor WE Clark, 
Head of the Department of Sanskrit at 
the Harvard University, says: 

‘The discovery in 1909 of the Kautilya- 
Arthasastra has opened up an entirely 
different world of life and thought in 
ancient India from that represented by 
the religious and philosophical literature 
of the Veda. Accounts of ancient Indian 
civilization based entirely on this religious 
literature are as misleading as would be 
accounts of early European civilization 
based entirely on the Church Fathers. 

‘The book deals with every phase of 
government as regulating all matters of 
worldly life—a government which was not 
dominated by the priesthood but which 
was highly practical and empirical. Sec¬ 
tions are devoted to precious stones, ores, 
metallurgy and mining, roads, trade routes 
and irrigation, medicine, trees, plant and 
poisons, ships and shipping, cattle, horses, 
and elephants, chemistry, mechanical 


contrivances, and other technical matters. 
{Legacy of India by Garret.) 

Irrigation mder the Mauiyan Emperors: We 
learn firom this book that the great 
Mauryan Emperors, who in the third 
century before Christ ruled over a land 
bi^er than the present British Indian 
Empire, maintained a regular department 
of irrigation and navigation. The officers 
looked after the maintenance of irrigation 
canals, levied taxes on water, and con¬ 
trolled navigation. An inscription found 
at Gimar in Kathiawar peninsula teUs 
us that by the orders of the Emperor 
Asoka a great water storage tank called 
the Sudarshan lake was constructed by his 
Governor, the Persian Tusashpa, by throw¬ 
ing a masonry dam across a mountain 
pass. According to later inscriptions, it 
was twice repaired: Once by the Saka 
Satrap Rudradaman (150 AD) and then 
by the Gupta Emperor, Skandagupta 
(460 AD). Southern India is full of huge 
storage tanks used for irrigation which 
testily to the ancient rulers’ solicitude for 
the storage and judicious use of water. 

Another famous irrigation work was the 
Grand Anicut on the Gauvery river, 
where it begins to form a delta. This was 
constructed by the Hindu rulers of the 
First Century AD, and was in continuous 
use up to the 19th century, when it 
was repaired by Sir Arthur Cotton, the 
pioneer of large-scale irrigation in this 
country under the British regime. 

The Gangetic Delta: The riparian area of 
India consists, besides the regions men¬ 
tioned above, of the lower reaches of the 
rivers where they begin to form deltas. 
The physical condition of these areas and 
the life of the rivers are quite different 
from those in the upper sections. Up to 
Rajmahal, the Ganges receives only tri¬ 
butaries, but below it the river flows 
through soil soil and divides itself into a 
labyrinth of channels. The land is low 
and subject to inundations during the 
monsoon season. There is a great diffe¬ 
rence of opinion as to whether the ancient 
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rulers tried at all to prevent these rivers 
from leaving their beds, finding out new 
channels and eroding villages and cities, 
as we find them doing now. 

4. Long Period Changes in River 

Courses 

The Punjab Rivers: I have given you an 
imperfect sketch of the usual regime of 
rivers in ancient times. Besides the periodic 
changes connected with seasons, certain 
long period changes in the course of 
rivers have been noticed by competent 
authorities, the cause of which is still 
hotly debated amongst Geologists, 
Surveyors and Historians. A comparison 
of the alignment of the Punjab rivers 
about two thousand years ago with the 
present shows that the Punjab rivers have 
a tendency to change their course and 
that they generally move west. There 
is a fight going on between the deserts 
and the river valleys. The desert is cons¬ 
tantly encroaching on the rivers and 
pushing them to the North-West. Is it 
due to some deep-seated tectonic action 
whose influence is accumulative or has 
there been a change in the course of the 
monsoon tracks of rain-clouds? There 
can be no difference of opinion regarding 
the reality of these charges. The Archaeo¬ 
logical Department of the Government of 
India has found, besides Harappa and 
Mahenjodaro, a large number of cities 
buried under the sands of Sind and 
Rajputana. These cities could not have 
existed imless there was more plentiful 
supply of water in these regions 5,000 
years ago than is to be found now. It has 
been surmised that the North-Westera 
monsoon, which gives the Punjab a cer¬ 
tain amount of rainfall during winter and 
is very beneficial for wheat cultivation, 
used formerly to have a more southerly 
course, and passed over Sind and Raj¬ 
putana. It is further supposed that the 
rivers of the Eastern Punjab used formerly 
to unite in a powerful course and flow in a 
separate channel, parallel to the Indus, 
to the sea, thus giving Sind all the ad¬ 
vantages of a land between the two rivers, 
the Indus on the west and the Saraswati 


on the east. It is surmised that the lower 
course of the Saraswati ran dry during 
Vedic times and its original course is 
marked by a dry channel. The other nvers 
have moved away from their courses 
generally to the west. What have been the 
causes of these changes in the courses of 
rivers which have taken place within 
historical times? My fiiend Mr Wadia of 
the Geological Survey of India who deals 
more extensively with these matters tells 
us that many of the rivers are more ancient 
than the land, and surmises that these 
changes are due to crustal movements. 

It goes without saying that these changes 
cause great suffering to the population 
which is mainly dependent on agriculture. 
Are the changes controllable at all? In 
fact the work which has been done by the 
engineers in recent times in the Punjab 
may be summed up by saying that they 
have tried to restore the waterways which 
existed in former times and fight the 
tendency of the country to aridification. 

The Ganges-Brahmaputra-Systm carries largest 
volume of water: When we turn to the deltas 
of the Ganges and the Brahmaputra 
we find that throughout historical periods, 
constant changes have been going on 
in the lower courses of these rivers, 
changes which have exerted a far-reaching 
influence on the economic and political 
condition of the countries through which 
they pass. The total length of the Ganges is 
only 1,500 miles wholly in India and that 
of die Brahmaputra is 1,800 miles of which 
800 miles are in India. The length of the 
river courses may give one a false idea of 
the actual importance and the stupen¬ 
dousness of the geological changes caused 
by these rivers; for though the Ganges is 
rather short compared with the other great 
rivers like the Yangtsekiang m Chma or 
the Mississippi in the USA, careful 
measurements have shown that her peak 
discharge during the monsoon period 
exceeds that of the Mississippi and is 
seven times that of the Nile. The discharge 
of the Brahmaputra is about one and a half 
times greater than that of the Ganges. 
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These circumstances, combined with the 
fact that they flow over a comparatively 
small region, have made these rivers unique 
objects of interest. 

Recent chcmges of water courses in the Ganges- 
Brahmaputra Delta: The courses of the 
Ganges and the Brahmaputra rivers over 
the lower reaches only 150 years ago, 
compared with their present courses, have 
undergone great changes. In fact, with 
respect to these lower deltaic regicns, 
it can be said that the geography is 
changing markedly within the short period 
of a century. You find that some of the 
ancient water courses have entirely dis¬ 
appeared and new systems, which did not 
exist two hundred years ago, have come 
into existence. The Ganges and the 
Brahmaputra 200 years ago used to dis¬ 
charge their waters by two separate 
courses which were about 150 miles apart 
from each other. There was a third 
system of water courses between these two 
which, flowing through Northern Bengal, 
used to discharge its water independently 
into the sea or into one of these two rivers. 
But great changes occurred between 1787 
and 1818, due to causes which are well 
known, and now the main streams of the 
Ganges and the Brahmaputra unite 200 
miles inland. This has caused widespread 
changes in the topography and the 
economic life of these regions. These wide 
changes are characteristic of all the rivers 
in the whole of Bengal and in Assam and 
to a much lesser extent of the deltas of the 
Mahanadi river of Orissa. Are these 
changes partly due to some deep-seated 
forces or to the natural surface action of the 
rivers which, unable to carry their hea\^ 
load of silt, go on depositing it on their 
beds and banks, and are ultimately forced 
to seek new channels? Scientists will take 
a long time in answering such questions, 
but it is needless to say that these changes 
have caused great dislocation of human fife 
—old cities have been eroded, prosperous 
country-areas have been washed away, 
swamps have been formed and regions once 
populous have been ravaged by malaria. 
Can these changes be controlled at all? 


5. Problem of Deltaic Cities 

Ruined Cities in Deltaic Areas: Besides caus¬ 
ing widespread changes in rural areas, the 
deltaic rivers have played havoc with the 
ancient cities, results of centuries of patient 
and concentrated labour by ancient rulers 
and communities. Most of the ancient 
cities famous in tradition in this country 
and playing a great part in its political 
history grew on their banks, or on the 
banks of their tributaries. Nobody has yet 
given a full and consistent account of the 
causes leading to the rise and growth of 
these cities, nor has told us how far the 
phenomena of the growth and decay 
of states connected with them were due to 
the action of the rivers. We are usually 
apt to ascribe growth and decay of 
countries only to pohtical causes, but a 
deeper probing into facts shows that this 
is not the whole story. A few examples will 
show. Ancient Patahputra which was the 
capital city in India from the 6th century 
BG to about the 5th century AD—an 
interval of nearly a thousand years—owed 
its importance to its position as an im¬ 
portant trade centre at the junction of 
5 rivers (the Ganges, the Sone, the Ghogra, 
the Gandak and the Punpun, see Science 
and Culture, Vol 2) at a time when rivers 
were the main channels of communication. 
It now lies buried under the present aty 
of Pama at a depth ot 17 feet below the 
ground level. Its destruction was due, as 
authenticated historical tradition tells us, 
mostly to destructive floods. It appears that 
in the deltaic regions, the level of a city 
gradually goes down while that of the 
surroitnding country rises, so protective 
bunds have to be constructed to keep the 
flood water out. But sometimes, parti- 
cularly if the city is between two rivers, as 
was the case with Patahputra, and there 
is simultaneous flood in the two rivers, these 
bunds give way, causing destructive floods 
and depositing thick layers of silt Modem 
excavations have shown that ancient 
Pataliputra used to be very often visited 
by floods, and ultimately disappeared 
under the silt deposit. It is quite probable 
that the disappearance of Magadhan 
supremacy after the 6th century AD in 
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Indian politics may be due to the destruc¬ 
tive action of rivers on the chief cities of 
Magadha which the rulers were unable to 
gauge and control. 

Destmction of Gaur: Those who have read 
the story of the discovery of the Indus 
Valley civilization in the sumptuous 
volumes published by the Archaeological 
Survey of India are aware that many 
prosperous cities in the lower Indus Valley 
had to be deserted because they used to be 
very often visited by floods or the rivers 
changed their courses and deserted the 
cities. The whole Indus Valley is full of 
dead sand-buried cities along the old 
course of the Indus. Another menace to 
great aties on river banks is the possibility 
of the formation of unhealthy swamps m 
the neighbourhood which may give rise 
to catastrophic epidemics. An example is 
afforded by the story of the city of Gaur 
which from the 5th century AD to 1576 AD 
formed the capital of Eastern India. It was 
situated between two branches of the 
Ganges river, and another large tributary, 
the Mahananda, flowed near by. A very 
unhealthy swamp grew in its rear on 
account of changes in the river course and, 
possibly due to the lowering of the city 
level, the drains in the cities could not 
discharge the sewerage to the rivers pro¬ 
perly. The result was the outbreak of an 
epidemic which swept away the majority 
of the population about the year 1575 and 
the vast dty, which was estimated by the 
Portuguese merchants of the 16th century 
to contain a population ofover two millions, 
now remains buried under an overgrowth 
of jungle. 

Calcutta may share the fate of Paialipuira and 
Gaur: A similar fate seems to be slowly 
overtaking the present city of Calcutta, 
which is the successor of Pataliputra and 
Gaur as the premier city in Eastern India; 
its level has gone down within the two 
hundred years of its existence by about 2 
to 4 feet below the level of the surrounding 
country and the drains from the city can 
no longer discharge their refuse matter to 
the surrounding river channels without 


pumping. The problem of Calcutta’s drain¬ 
age has been before the public for a long 
time but no satisfactory solution has been 
found. My friend, Mr S C Majumdar of the 
Irrigation Department, has dealt exhaus¬ 
tively with this problem. Will the citizens 
of Calcutta profit by his advice or allow 
their city to run to destruction like Patali¬ 
putra and Gaur? The case of Calcutta 
also confirms the belief that in deltaic 
regions the level of cities has a tendency 
slowly to go down, while that of the 
surrounding country gradually rises. The 
result is that city sewerage does not flow 
through the drains, unless artificial methods 
are undertaken, and the city gradually 
becomes unhealthy. In fact, as has been 
remarked, Calcutta may be buried in the 
near future in its own sewerage. These 
slow changes therefore deserve more study 
and attention than spectacular catastrophes 
like a flood. In fact, a look at the ruins of 
old cities in the deltaic regions is sure to 
produce the conviction that a satisfactory 
method of city-planning in such regions 
has yet to be evolved. 

6, Modern Times 

When the administration of this country 
devolved upon the British nearly two 
centuries ago, the task of maint£uning all 
the ancient irrigation channels and storage 
tanks and keeping the rivers in order fell 
on their shoulders. From the very first the 
Government of India took the greatest 
amount of interest in irrigation work and 
it is estimated that a total capital of 150 
crores of rupees has been invested in 
constructing new irrigation channels, 
building storage dams and repairing did 
works. According to the report of the 
Central Irrigation Board, about 30 million 
acres of land in India are being irrigated 
by these artificial canals which total 
nearly forty thousand miles in length. Of 
these, 22 millions are officially regarded 
as productive and the remaining 8 millions 
have been officially admitted to be un¬ 
productive. We have to consider whether 
the amount spent under irrigation has been 
sufficient, whether there is still room for 
improvement and expansion. What was 
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the cause of a large percentage of works 
being unproductive? 

Further Scope for extension of irrigation: On 
account of the peculiar orientation of the 
mountains and the seas, India is the reci¬ 
pient of a large amount of monsoon rainfall 
from the Bay of Bengal as well as from the 
Arabian Sea, within a short time. It is 
estimated that of the total rainfall on 
this continent, nearly 60 per cent gets 
evaporated, about 40 per cent passes 
through the river channels, and of this 40 
per cent barely 6 to 8 per cent is utilised 
by the rural population for irrigating their 
fields. These figures alone show that m 
spite of large irrigation works already 
undertaken, there is still room for further 
expansion. The figure of 360 millions for 
the population of India may give the idea 
that India is over-populated, but the 
density of the population is only 200 per 
sq mile, which is much less than is the 
case in many other countries with less 
resources. A careful survey of the facts 
shows that there are large regions in India 
which still require extensive irrigation 
works for further development. If these 
regions can be developed, then probably 
a large part of the population can migrate 
from over-populated areas to these regions 
and thus relieve the existing congestion. 
A greater expansion of irrigation will also 
result in the production of more foodstuff 
and other economic products and give us 
a better standard of living. We have 
further to consider in what way the exist¬ 
ing arrangements can be improved so 
that a greater return maybe obtained to the 
Government on the invested capital. 

Railway Bridges over Rivers: A new factor 
was added to the problems already existing 
on account of the need which was felt in 
constructing bridges over these rivers. 
About 80 years ago, railways began to 
be constructed in India and it was found 
necessary to span rivers by means of well- 
designed bridges capable of carrying 
heavy railway traffic. Now the design of 
these bridges requires that the engineer 
should have a very accurate knowledge of 


the life of the rivers, their maximum and 
minimum discharge and their variations 
throughout the year, the nature of the soil 
and the total amount of precipitation in 
the basins over which the rivers pass. 
They had also to find out how the con¬ 
struction of a bridge will obstruct free 
flow of water through the rivers and 
affect the surrounding rural area. A further 
factor has arisen in recent times owing to 
the necessity of supplying the country with 
cheap sources of electrical power. To this 
topic, however, we return later on. 

7. Need of more River Physics 
Laboratories 

The earlier engineers who were entrusted 
with these tai^s treated the problem as 
they thought best and without meanmg any 
disrespect to these early pioneers, it may 
be said that their actions have not always 
been very beneficial to rural interests. 
It is of course quite correct that the 
system of irrigation canals, which has been 
planned by the engineers within the last 
100 years in the Punjab and the western 
parts of the United Provinces and parts 
of Madras and Bombay, has done im¬ 
mense good to the regions concerned and 
has brought prosperity and population 
to an otherwise waste area. But the same 
cannot be said of tbe deltaic regions of 
Bihar, Bengal and Onssa and parts of CP 
which contain most of the unproductive 
irrigation works. It appears that in the 
planning of canals, bridges and railway 
lines in these areas some very fundamental 
mistakes were committed. The case was 
very .-ably summarized by Sir Francis 
Spring, the founder of River Physics m India. 
While entrusted with the task of designing 
a bridge over the Ganges in Bengal, he 
went thoroughly into the problem and 
summarized the necessity of a River 
Physics Laboratory, in the following 
words:— 

‘As trustees of so fine a property as this— 
canals and railways, it might not unreason¬ 
ably be expected that the State would see 
the importance of devoting a compara¬ 
tively small annual appropriation to ori¬ 
ginal research, on lines Ukely to be produc- 
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live of a good return for the expenditure, 
in the form either of reduction in the first 
cost of its public works or of their safety 
and their economical up-keep when, built. 
Heretofore there has been no pretence of orga¬ 
nizing arty such research in connection with 
the engineering of the canals and railways 
of India. Engineers have gone on blundering, 
benefiting, raSwr by chance than by design, by 
the experience of thdr predecessors, and each 
considering himself lucky if he escapes disaster 
at the hands of the tremendous forces of nature — 
amongst which some of the most potent for 
good or evil are the great rivers—with which 
he has to struggle. Until quite recently there 
has been practically no encouragement, 
and indeed at times there has been dis¬ 
couragement, to men to publish their 
experiences. And so, in spite of having 
perhaps as fine a body of scientific engineers 
as any country, not excluding France, 
has in its employment, and in spite of this 
body of public servants having carried 
out daring and extensive works of a certain 
character, chiefly, in connection with the 
great Indian rivers, on a scale unparalleled 
elsewhere, the State possesses the most 
meagre record of the history of the works 
carried out so successfully by its employees. 
In putting the chapters of this book 
{River Training and Control by Sir Francis 
Spring) together, the author found ex¬ 
treme difficulty in ascertaining what had 
been done, what difficulties had been en¬ 
countered, and how these difficulties had 
been surmounted, and it has needed the 
expenditure of nearly a year of research 
to enable him to offer to the Government 
of India the advice, contained in the fore¬ 
going chapters, in regard to one hmited 
phase of the engineering of great rivers. 
Time will show the value of that advice, 
and doubtless further experience will 
modify the practice recommended. But 
meanwhile the author wovdd urge on the 
Government the importance, from a mere 
mon^ point of view, of insisting on the main¬ 
tenance of an intelligent record of the kistoiy 
of such works as those dealt with in the fore¬ 
going chapters.^ 


Tbe Consequence of lack of 
Organization 

‘With regard to the physics of long reaches 
of the great rivers, the author is not in so 
good a position to speak. His special 
experience has been gained rather cn 
short lengths of such rivers in contiguity 
to his works. In view of his practical 
inability to regulate the flow of great 
lengths of such rivers be has viewed the 
inimical consequences of the irregularities 
of their flow, in the form of deep and 
dangerous scour, as requinng to be 
fought by sheer irresistible force rather 
than by coaxing This necessarily must be 
the attitude of tbe engineer in charge of 
great bridges, and perhaps to a lesser 
extent of tWe in charge of great irriga¬ 
tion weirs. But they ought not, for that 
reason, nor ought the State, to lose sight of the 
importance of endeavouring, by consistent, logical 
and well-organized research, to learn some¬ 
thing more definite than is now known about 
the physics of long reaches of rivers. A perusal 
of chapters III and XXI, as well as of 
Mr R A Molloy’s Technicad Section paper 
No 118, will suffice to show how blindly, 
heretofore, in the interests of the residents 
on their banks, men have been fighting 
against the ill-will of some of the great 
rivers; whether on behalf of the main¬ 
tenance of levees^ whereby devastating 
floods are excluded fi:om great inhabited 
areas; or for the conservation of the heads 
of inundation canals on whose integrity 
the welfare of many thousands of people 
is dependent; or in the interests of riparian 
diies whose obliteration would be a blot on tf^ 
administration of civilized and intelligent rulers. 
It is difficult to avoid the conclusion, after 
perusal of chapter XXI, that for lack of 
adequate knowledge, the engineers concerned 
zoi^ the interests of the inhabitants of the 
valley of the Indus have been obliged to work 
more or less in the dark in thdr fight with 
that river, and to make matters worse it has 
constantly happened that, owing to the climate, 
to the exigencies of public service, no sooner 
does one engineer get some small inkling of the 
tricks than he is replaced by one with all his 


^ This is a word of French origin, which is used in the USA to denote embankments. 
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experience to gain; and in six months he, in 
turn, is replaced by somebody else whose 
experience of the river has perhaps been limited 
to crossing it. How, under so haphazard a 
^stem, anything gets done at all is a marvel; 
aud instead of being surprised at 00,000 
worth of work having been wiped out, the 
State may congratulate itself if the loss 
is not double. However there is always the 
satisfaction, in the case of such expenditure 
as that dealt with in chapter XXI, that the 
whole of the money has remained in the 
country, and that if the taxpayer takes 
money out of his coat pocket only to put 
it into his waistcoat pocket he can always 
pick it out again, or its equivalent.’ 

Suggestion for the appointment of a 
River Commission 

^7he appointment, for say 10 years, of a River 
Commission not merely for the Indus, but for 
the organized study of the physics of great 
alluvial rivers generally, would be a service 
to civilization and an act worthy of a great 
State. The Mississippi Commission have 
done a great deal, but their experience is 
not to any great extent applicable to 
Indian conditions. The experience of 
the ei^ineers of the Rhone and the 
Danube and other European rivers, though 
valuable in its way, is even less applicable 
to India than that gained on the 
Mississippi. Mr R A MoUoy’s attempt at 
a theory, as summarized very inadequately 
in chapter III, is the first that can be 
characterized as a scientific generaliza¬ 
tion of the river problem that the author 
has heard of in India. And even this is 
based on inadequate data, picked up 
anyhow, amidst the multifarious duties 
falling to the engineer to a system of 
inundation canals. There is need for a 
thoroughly scientific location, and for the 
automatic reading, of gauges at hundreds 
of places, for several years, along great 
lengths, selected with care and knowledge, 
of several of the great Indian rivers, also 
of some systematization of the surveys 
which usually are undertaken on these 
rivers, and of the making of firesh surveys 
specially designed to elucidate facts, also 
of an organized system of soundings and 


sections. The engineers m charge of the 
work must steadily keep in view the ulti¬ 
mate object of it, and must not make a 
survey merely for the scdce of a section. The 
object in view will be: To present to the scientific 
world, and especially to the engineering world, 
and more particularly to the engineers of 
structures in India that are subject to fury at 
the hands of the greed alluvial rivers, such an 
explanation of the probable action of these rivers, 
.under various circumstances, as will allow of 
such action being anticipated; and especially, 
to enable the engineer to utilize folly his 
knowledge of the nvers, so that he may make 
a servant of it, instead of being as it is now 
very often the case, his master. There can 
be no doubt at least from the author’s 
point of view— that more money has been 
wasted, for want of just such knowledge as a 
River Commission might provide, than would 
have sufficed to pay the entire cost of it many 
times over. Certainly, so far as training 
works in connection with bridges are 
concerned, in rivers of the class with which 
the author has chiefly concerned himself, 
most engineers responsible for such works 
would probably a<toit that whether they 
spent money unnecessarily as an insurance 
against their inevitable lack of scientific 
data, or that they were unduly economical, 
with either disaster, or heavy annual 
recurring expenditure in after-years, as the 
result. Thus looked on from the lowest or 
merely commercial standpoint, the estab¬ 
lishment of such a Commission ought to 
be highly remunerative.’ 

The Government very slow to adopt Spring’s 
advice: Unfortunately the sound advice 
given by Spring has not been acted on 
very quickly by the Governments. But 
Sir F Spring was not the only man who 
voiced this opinion. Mr Reakes, who was 
entrusted by the Bengal Government with 
the task of smveying the Nadia Rivers, 
was so puzzled by the problem of river 
changes in Bengal, that he made practically 
the same recommendations as Sir Francis 
But the Bengal Government has shown 
no intention of profiting by these advices. 
It is only the Punjab Government which 
profited by the advice given by Spring, 
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and has created, within the last 10 years, 
a well-equipped research laboratory, the 
staff of which contains, not only irrigation 
engineers, but also physicists, statisticians, 
mathematicians and people belonging to 
other branches of science, who can render 
sufficient help in tackling the problems of 
irrigation and of river control. The Central 
Government maintains a River Physics 
Laboratory near Poona, where experi¬ 
ments on the models of the rivers have 
been carried on under the able guidance 
of Mr Inglis for about 10 years, and many 
problems submitted by engineers from 
different parts of India have been tackled 
there. But considering the vast size of 
the country, the diversity of the problems 
m the different regions, the number of 
laboratories is extremely small and the 
equipment of those laboratories which 
have been constructed is not sufficient. 
Even in the Punjab, the work done is 
not considered sufficient. Dr Mackenzie- 
Taylor, Director of the Irrigation Research 
Laboratory of the Punjab, says: 

‘Though India is a country of mighty rivers, 
very little has been done here by way of 
experiments in the laboratories on river 
models. Only in recent years have some 
experiments been conducted at the Hydro¬ 
dynamic Research Station at Khadakvasla 
near Poona and at the Punjab Irrigation 
Research Institute, Lahore.’ 

The provinces of the lower Ganges valley 
which, more than any other provinces, 
require a thorough field study of their 
rivers, as well as investigations on river- 
models in laboratories prior to any work 
being undertaken, have hitherto shown 
complete indifference to the proposals of 
having hydrauh'c research laboratories. All 
the same, blundering projects have been 
pushed through, which have wasted crores 
of the taxpayers’ money. A small frag¬ 
ment of these sums, spent on the establish¬ 
ment and proper equipment of hydraulic 
research laboratories, would have been 
of immense benefit to the country. 

Problems of the Lower Ganges 

Delta 

I will illustrate my case by special reference 


to Bihar and Bengal. I have already told 
you that the problems in these two pro¬ 
vinces are entirely different from those of 
the semi-arid areas of the Punjab and the 
upper Ganges valley, yet in the past 
works have been pushed on in these 
provinces which ought never to have 
been undertaken. The main problem 
is not one of supply of water in the 
same way as to the thirsty areas of the 
Pimjab or of the Western UP, but entirely 
different. These provinces have a copious 
rainfall, the peasantry here very seldom 
require water for imgating their fields; 
the problem here is to get rid of the 
excess water as qmckly as possible, prevent 
the rivers from changing their courses, 
minimize the effect of destructive floods, 
and prevent the formation of unhealthy 
marshes and swamps. This can be done 
only by a judicious control of the activities 
of the rivers or by river-training. Un¬ 
fortunately the engineers who were en¬ 
trusted with the planning of bridges and 
embankments for the protection of rail¬ 
ways in these provinces, and also with 
the charge of irrigation, were not suffi¬ 
ciently familiar with the peculiar condi¬ 
tions of these provinces and used in the 
solution of their tasks their knowledge of 
irrigation obtained in other provinces. 
This has been mainly responsible for the 
large amount of wastage in irrigation 
which is marked by the department as 
unproductive. But it has done worse 
things than that. The people of Bengal 
have always clamoured that the railway 
embankment has ruined the Burdwan 
division. It changed the courses of rivers 
in this division and deprived the land of 
the fertilizing silt. The Burdwan division 
became therby a victim to malaria which, 
between 1860 and 1870, carried off nearly 
half of her population. 


Central Bernal, a country of dead rivers: The 
same is true of Central Bengal but here 
the ravages are due to the change in the 
course of the river. The Ganges used 
formerly to discharge its water through the 
western branches but now the mouths of 
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these channek have been silted up and 
the main mass of water flows through the 
easternmost channel. This has made 
Central Bengal a land of dead rivers and 
swamps and a prey to malaria. The 
problems of Bengal have been so very ably 
treated by Mr S G Majumdar that it is 
useless for me to go into great detail. 
By his careful survey and analysis he has 
ako pointed out the way in which the 
rural conditions can be improved. He has 
clearly shown that this can be done only 
by the undertaking of a large amount of 
engineering work aimed at controlling the 
rivers judiciously. But I submit that satis¬ 
factory results can be achieved only if 
the problem is studied very carefully 
before any work k undertaken. The need 
here k for studying the rivers intimately. 
We must take observations for a number 
of years regarding the flow of rivers, 
variation of the flow throughout the year, 
how they depend upon the precipitation 
in basins, how diey deposit meir burden 
of silt and what k the action of the silt on 
the fertility of the soil. We have to under¬ 
take fimdamental experiments, for as 
Dr N K Bose and Mr Lacey wiU teU you 
there are many fundamental problems 
in river physics which still await solution. 
They are still the subject of careful study 
by dktmgukhed workers. It k necessary 
to have in each region a River Physics 
Laboratory where Ae fundamental pro¬ 
blems will be handled by a niunber of 
expert pure scientkts. In addition there k 
need for a properly equipped field survey 
department which will survey the contour 
and geological formation, the carrying 
capacity of the river-beds and ultimately, 
whenever any constructional work is pro¬ 
posed, this should be studied by a labora¬ 
tory model carefully. After aU these studies 
are completed actual work should be 
imdertaken. 

9. Cheap Electrical Power 

Within the last fifty years, another use 
has been found for running water which 
k as important as irrigation and naviga¬ 
tion, viz. generation of cheap electrical 
power out of the endrgy of running water. 


This is a subject which is just beginning 
in India, but its importance has not been 
properly realized. I wish therefore to 
dwell at some length on this point. 

Analysis of Professions in India: Everybody 
knows that India is an agricultural country. 
According to the Census Report of 1931, 
66% of the Indian population is engaged 
m agriculture, i e. are peasants, i.e. tiiey 
have to spend their life in raking food. 
Of the remaining 34%, only 11% are city- 
dwellers, i.e. engaged in industries and 
other professions. The remaining 23% are 
either village artisans, merchants, land¬ 
lords, or belong to other professions 
mainly dependent on a rural economy. 

India, a land of poverty-stricken peasants: 
Everyone will admit that the distribution 
of the population according to professions 
reveak a very unhealthy state of affairs. 
In no other country of the world, except¬ 
ing such backward ones as China, is there 
such a large proportion of peasants. Ajcid 
do these peasants enjoy a good living? A 
few huts, mostly without doors or windows, 
a few mats and rags, a few half-starved 
animak, hunger, debt, and fi:equent disease, 
—this is all they have to enjoy ! 

Agricultural Improvement—no solution of the 
poverty problem: There is a widespread 
desire for improving the lot of peasants 
and to rake the general standard cf 
living. But how can this be achieved? Not 
by an exodus of the townsmen to the 
villages as advocated by certain persons 
distracted by middle class unemployment; 
for that will merely increase the pressure 
on the overcongested rural area and 
multiply misery. Greater efficiency in 
agricultural methods, which is certainly 
desirable, may give us more and cheaper 
food, and other necessities of life obtained 
from agriculture (like cotton), but it can 
never touch even the fringe of the poverty 
and unemployment problem. For greater 
efficiency amounts to the fact that the 
same production in agriculture can be 
effected by half the present number. At 
present, the proportion of food-gjatherers is 
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66%. They produce food materials and 
other products by the most primitive 
methods. If improved scientific methods 
are adopted, larger amounts, more than 
sufficient for the whole nation, can be 
produced by 30% of the population. This 
will render about 36% of the peasant 
population unemployed. This added to the 
already existing middle class unemploy¬ 
ment will render matters worse. 

Industrialization the only solution of the 
poverty problem: If we analyse the wides¬ 
pread public sentiment for better living, 
what do we find? Everybody of course 
wants his food supply to be insured, but 
this is the least part of his demands. He 
wants to be better clothed and better 
housed; wants to get a better education 
for himself and his family, more rest 
firom work, freedom from drudgery and 
greater enjoyment of life. Analysing this 
sentiment, we find that if these needs are 
to be satisfied, the quantity of industrial 
products has to be increased ten to twenty 
times its present level; all these works 
have to be organized, and a large pro¬ 
portion of the village population is to be 
Averted from the task of food-raising to 
industrial work. In fact, the only way to 
improve the villages is by drafting more 
villagers to the cities, and by creating a 
larger number of cities based on industries. 

10. India’s fitness to be industrialized 

India has sufficient resources for efficient indus¬ 
trialization: But all countries, even if they 
want to have a better living, as is reached 
to-day by some European countries, can¬ 
not do so on account of their intrinsic 
poverty in natural resources. The source 
of potential wealth to-day is not merely 
good agricultural land of all varieties, 
capable of yielding all kinds of food and 
other economic products, but also mines, 
capable of yielffing minerals useful to 
man, and sources of power (coal, oil, 
peat and other fuel, water power). A 
recent writer in the East Indian Review, 
analysing the conditions of the world, 
finds that only three countries in the world 
satisfy these conditions, viz, USA, Soviet 


Russia, and India. He traces much of the 
present political troubles of the world to 
poor resources possessed by many ambi¬ 
tious nations. Italy, for example, has 
almost no coal or iron, and very little 
mineral resources. Hence her desire to 
seize other imdeveloped lands, otherwise 
she cannot reach the modem standard of 
better living. Japan is almost in an identical 
condition, and is further handicapped in 
having poor agricultural land as the 
country is not suited for the production 
of any agricultural stuff other than rice 
and mulberry. Cotton and oil-seeds cannot 
be grown on her soil. Hence her desire to 
seize parts of China. According to this 
author, China, even if she were not 
pestered by foreign aggressors, and could 
solve her own internal problems, can 
never attain the level of the USA or the 
future Russia, because her mineral re¬ 
sources are poor. Only India possesses all 
kinds of resources in abimdance; she 
continues to be pocr, only because these 
resources have not been developed and 
industrial work has not been properly 
planned and organized. 

How to organize production and distribution of 
commodities essential for civilized human life: 
The wealth of a people is neither a gift 
of the heavens, nor a gift of nature. The 
people have to create wealth by organized 
labour. The more the output of work by a 
country, the richer it is and the higher the 
standard of living reached. Probably, most 
of our countrymen have no idea that the 
total work output by the average Indian is 
twenty times less than that of the average 
American and European. In previous 
epochs of history, all the work used to be 
done by human power, or animal power. 
But at the present time, most work is 
done by steam-engines, oil engines or 
electricity. Let us compare quantitatively 
the work output per man in Norway and 
in India. I am taking Norway because there 
aU power is electrical and can be easily 
calculated. 

The League of Nations’ Year-book tells 
us that the average Norwegian consumes 
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1,600 units of energy per capita in the 
year, which is mostly derived from the 
harnessing of her rivers and waterfalls. 

As we shall see presently, the man power 
and animal power probably does not 
contribute more than 80 units per year. 
Hence the total output of energy per 
capita in a civilized State is about 1,700 
units. With less output, the standard of 
living would go down. 

India produces 20 times less work per capita 
than European countries: Let us see the 
average output per Indian. The electrical 
energy per capita in this country is only 7. 
Steam and oil power will not amount to 
more than 10. Let us now calculate the 
work done by man and animal. A labourer 
working for eight hours daily produces 
only 6/10 units and in a year of 300 
working days he does not produce more 
than 180 units. But only one-third of men 
and women are active. Hence the average 
output per year per capita is only 60 
units. Taking the work done by animal 
power to be 10, the total output of work 
per capita per year is only 90 units. This 
is nearly twenty times less than the work 
output per European, and about 6 to 8 
times less than that of the Japanese. 

To use figurative language: The average 
European has 20 slaves constantly working 
for him while the Indian has mostly to 
depend upon himself. The slaves which the 
European calls to his aid are provided 
from the exploitation of the power resources 
of his country. Such resources though they 
exist in India have not been developed 
and profitably utilized. This is the root 
cause of poverty in India. 

Not only have the power resources not 
been developed, but the available power 
is extremely dear. This is one of the 
main causes of India’s backwardness in 
industrialization. 

Dearness of Power: How much India is 
handicapped in this respect may be 
gathered from the fact that the price of 


power in this country for the gieater part 
of the country is four times that in England 
and Japan, except probably for steam 
power, which is not suited for many 
industries, and is not available in all 
parts of the country. Thus the cheapest 
elecrical power at Calcutta costs J anna— 
•57rf, the average price of power is about 
—2 annas—2'2rf; in London electricity \d 
and at Allahabad if bought in bulk can be 
had for \d per unit. 

High Price of Power: The price of petrol 
varies from Re 1—2 as. to Re 1-10 as., 
while the price in England and Japan is 
about 6 annas. Most of the extra cost is 
due to customs duty and railway freight. 
The landing cost is only about 4 annas. 
On account of the great cost of petrol, 
Otto engines are very expensive to work 
in India. 

It is on account of the high price of power 
that indtistrial enterprise has so far been 
confined to cities like Calcutta which are 
near coal mines, or Bombay which posses¬ 
ses, thanks to the enterprise of the Tatas, 
cheap hydroelectric power. Other areas 
cannot develop unless they are provided 
with cheap power. 

11. How to develop power resources 

India rich in Power Resources: But it may be 
asked, are there suflBcient power resources 
in India? Like some other countries in the 
world, India may be intrinsically poor in 
power resources. Let us consider this 
problem in detail. The chief power re¬ 
sources are:—Coal, water power, oil, 
shale, and other fuel (peat, wood, bagasse, 
power alcohol and vegetable oils). 

Coal resources are present only in certain 
parts of Bengal, Bihar, Orissa and Assam, 
in other words in Eastern India. Other 
parts of India are extremely deficient in 
coal, or do not possess it at all. If India 
wants to be industrialized, it must develop 
its available water power. Let us see how 
much has been done in this connection. 

The water power resources of India have 
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not yet been adequately surveyed except 
in a few isolated regions. The work which 
was started under Meares in 1919 was 
unfortunately stopped for some unknown 
reason. According to this authority, the 
total resources amount to about 20 million 
kilowatts, but this may probably be a 
gross underestimate, as in the case of 
Soviet Russia. 

Necessity for development of Water Power: 
The total power which has so far been 
developed amounts to about half a million 
kilowatts installed. Of these, *3 million 
kilowatts or about 60% is due to an Indian 
State (Mysore) and private (mostly Tata’s) 
enterprise, and the rest is due to the 
enterprise of the Provincial Governments. 
These figures show that only 2-5% of 
India’s hydroelectric power resources has 
been developed. 

The efficiency of the undertakings which 
have so fiir been developed leaves much 
to be desired. 

The earliest large project in India is the 
Sivasamudram Hydroelectric Works in 
Mysore which owed its genesis to the far¬ 
sighted virion of Dewan Seshadri Iyer of 
MysOTe. It has developed nearly 50,000 
kilowatts, and the cost of instsJlation has 
been nearly Rs 500 per kilowatt installed. 
The three Tata projects near Bombay cost 
about Rs 500-600 per kilowatt installed, 
inclusive of transmission lines. 

Bad begirmng in hydroelectric development: 
The upper reaches of the Indus and the 
Ganges valley offer unique opportunities 
for hydroelectric development and there 
is great need for such development if 
these areas are to be industrialized, as 
there exists neither coal nor petrol in 
sufficient quantity in these parts. But the 
results obtained so far have been rather 
discouraging. The Mundi Scheme in the 
Punjab, which was laimched under 
Government initiative against the almost 
unanimous opposition of the people’s 
representatives, cost nearly Rs 3,000 per 
kilowatt installed; this holds the world’s 


record for dearness, and is about 10 times 
dearer than the average cost of installation 
of plants of this size in Europe and America. 
The Western Ganges Hydroelectric 
Scheme which appears to have caught the 
imagination of a large majonty of our 
countrymen cost Rs 1,200 per kilowatt 
installed. This holds the second highest 
record for dearness, and yet such a project 
has been hailed as a great work by a 
section of our countrymen. 

But the reader may ask, what have rivers 
to do with electrification schemes? As has 
been pointed out, electrical power in 
most parts of India can be obtained only 
fi“om water power, hence it is obvious that 
before an expensive scheme is launched 
(and all hydroelectric schemes are ex¬ 
pensive), extensive preliminary studies are 
to be made. These include a summary of 
the water power resources showing the 
variation of discharge of rivers, possibility 
of erecting storage reservoirs, finding out 
the best site, and further economic survey 
with a view to utilization of all the power 
developed. Even when a site has been 
chosen, extensive laboratory experiments 
should be carried out with the aid of 
models on the proposed dams, weirs, 
reservoirs, etc. before any work is actually 
imdertaken. If one goes critically into the 
history the unsuccessful works just 
mentioned, he will find that the root 
cause of failure was that schemes were 
launched by enthusiasts (in many cases 
by amateurs in hydroelectric engineering) 
without adequate surveys and preliminary 
experiments. In the Mundi Scheme, 
nearly 6 crores of rupees were wasted 
before it was discovered that the river 
from which power was to be tapped almost 
ran dry during the hot season. If a small 
part of this money was spent on adequate 
surveys, and preliminary laboratory re¬ 
searches, probably the Government would 
have received a handsome return on 
their investment, most part of which has 
now to be written off as unproductive. 

Example of Soviet Russia: Let us contrast 
the procedure adopted in this country 
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with that in Soviet Russia. Before the 
Great War, Russia was no better than 
India. She was mainly an agricultural 
land, 70% of the population were peasants, 
almost as poor and ragged as the present- 
day peasants in India. Industries were in 
a I^ckward state, and power was imdeve- 
loped and considered a luxury. The total 
amount of electrical energy per capita was 
only 15 units which, in 1919, owing to the 
ravages of the War and the Revolution fell 
to about 5 xmits. She was without know¬ 
ledge of her power resources, without 
experts and technicians. It was during 
these dark days that Russia, under the 
influence of Lenin, started schemes for 
planned electrification for the whole 
country which was part of the larger 
scheme of complete industrialization. Now 
within a short period of 16 years, Russia 
is producing nearly 300 units per capita. 
Her production of electricity in 1937 
exceeded that of any other country in the 
world, excepting the USA, and if she can 
complete all her schemes, she will soon 
overtake the USA. Needless to add that 
thanks to this intense electrification, Rusaa 
has passed from an agricultural state to an 
industrial <me, and now 70% of her 
population are reckoned as industrial 
workers. She is on a fair way to the solution 
of the problems of poverty, disease and 
famine which perpetually haunted her 
peasant population of 70% before the 
Revolution. 

There is a great prejudice in this country 
as well as in Europe against everything 
Russian, but not being a politician I am 
not interested in their political theories 
or the execution of those theories. What 
strikes me as a scientific man is the extra¬ 
ordinary use they have made of modem 
scientific knowledge in solving their pro¬ 
blems of poverty and want, and the 
extremely judicious and buanesslike 
fashion in which they proceeded with 
their schemes and co-ordinated the labours 
of economists and technicians. 1 have on 
my table a book written for the World 
Power Conference on the Electrification 
of Russia. We learn from this book that 


when the supreme council of the Soviets 
adopted Lenin’s resolution for the electri¬ 
fication of the country, it was the USSR 
Academy of Sciences and not a committee 
of bureaucrats which was requested to 
give a plan. Under the guidance of the 
Academician Professor Krzhizhanovski the 
following plans were adopted: (1) Imme¬ 
diate establishment of a Power Research 
Institute for undertaking a survey of the 
existing power resources, coal, peat, oil, 
shale, and above all of water power, in 
the USSR. (2) Establishment of an exten¬ 
sive scheme of hydrological survey—so 
far the USSR possesses 5,200 hydrological 
stations of all classes, for surveying the 
discharge of rivers at different points, 
their variation throughout the year, etc. 
(3) Establishment of a number of River 
Physics Laboratories at Tashkent, Moscow, 
and Leningrad and other centres where 
researches with laboratory models of 
projected weirs, dams, embankments, 
canals are carried out before any work is 
actually undertaken. (4) Establi^iment of 
a comprehensive scheme for training an 
army of technicians in Russia. 

It goes without saying that the plan adop¬ 
ted by Russia is the correct one. A scheme 
is known by its fruits. Russia now instals 
every year power-stations of millions of 
kilowatts capacity instead of thousands. 
The energy produced is utilized by the 
properly planned industries, and in trans¬ 
port, and only a small percentage is 
utilized in agriculture. Thus within the 
last sixteen years, the nation has passed 
from a community of half-starved peasants 
to well-fed and well-clad industrial 
workers. 

12. Gondasion 

Before I conclude, let me place before 
you a challenging statement from a very 
interesting book by Dr Vera Anstey. In 
her ‘Economic Development of India’ 
(1936) she says: 

‘Here is a country of ancient civilization, with rich 
and varied resources, that has been in intimate 
contact with the most materially advanced countries 
of the West, but which is still essentially mediaeval 
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in outlook, and organization, and which is a byword 
throughout the world for the poverty of its people.* 

Then she quotes Mr M L Darling: 

*Xhe most interesting thing about India is that her 
soil is rich and her people are poor* and asks herself: 

‘Gan India be called “Mediaeval** when it is organiz¬ 
ed under a modern form of constitutional Govern¬ 
ment, possesses a great system of mechanical trans¬ 
portation, a unique system of irrigation, no less 
than seventeen m^ern Universities, and has several 
large-scale industries producing with the most up- 
to-date machmcs that have yet been invented ? 

The answer, however galling to our pride, 
must be that in point of poverty, ignorance 
and disease, India of today can only be 
classed with China and Abyssinia, countries 
which are still steei>ed in mediaevalism, 
and have paid the price for continuing 
mediaeval ism. 

If we desire to fight successfully the 
scourge of poverty and want from which 
90% of our countrymen are suffering. 
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if we wish to remodel our society and 
renew the springs of our civilization and 
culture, and lay the foundations of a 
strong and progressive national life, we 
must make the fullest use of the power 
which a knowledge of Nature has given 
us. We must rebuild our economic system 
by utilizing the resources of our land, 
harnessing the energy of our rivers, pros¬ 
pecting for the riches hidden under the 
bowels of the earth, reclaiming deserts 
and swamps, conquering the barriers of 
distance and, above all, we must mould 
anew the nature of man in both its 
individual and social aspects, so that a 
richer, more harmonious and happier 
race may people this great and ancient 
land of ours. Towards the realization of 
this ideal, we must adapt ourselves to the 
new philosophy of life and train the 
coining generations for the service of 
the community in scientific studies and 
research. 


I 



SOLAR CONTROL OF THE ATMOSPHERE 


M N Saha 

(delivered at Lahore, 1939) 


Introdnctton 

I wish to tell you about the Solar Control 
of the Atmosphere. It is a matter of 
common knowledge that weather and 
climate, so important to human life, are 
completely controlled by the Sun. But 
our troubles begin when we attempt to 
have predre knowledge of the way in 
which this control operates. This has been 
an eternal problem with mankind. In 
ancient communities, there was a pro¬ 
fession of Weather Prophets whose duty 
it was to foretell and, if possible, to 
control with magic, the weather. Such 
was the importance attached to the office 
that a successful rain-maker was very 
often asked to rule over the tribe. But 
when he failed, as he must have done 
frequently, he was sacrificed before the 
altar of the tribal god. In later times, the 
office was transferred to Astrologers who 
are still found in many parts of the world 
issuii^ weather fmecasts for the year. 
Scientific study of weather and ch’mate 
dates from the time of the discovery of 
the barometer by Torricelli, but from the 
very nature of things, early meteorology 
could not find out a Newton, and it was 
realized that meteorological data must be 
patiently collected, clashed and analyzed 
by a world-wide survey, before we can 
have any inkling of the secrets of the very 
puzzling complex of phenomena presented 
by Meteorology. For this purpose. Meteo¬ 
rological Surveys have been oi:^;anized 
almost by every State, and a system of 
short and l<mg range forecasting has been 
undertaken. But short range forecasting 
owes, whatever success it can claim, more 
to powers of quick transmission of news 
rendered possible by modem discoveries 
in Physics than to any profound insight 
into the nature of the problems involved. 
But what would really benefit mankind 
is a system of successful long range fore¬ 


casting six months or at least 10 to 15 
days ahead. It is well known that the 
meteorologist has not succeeded in this 
task because the problems confironting 
him are too intricate and he has to deal 
with a large number of complex foctors. 
I must not, however, forget to mention 
that within recent years, Franz Baur in 
Germany, and Multanovsky in Russia 
have developed methods for medium- 
range forecasting which have attained a 
certain amount of success. Their methods 
are based on combination of Synoptics 
and Statistics, and in Franz Baur’s 
method, atmospheric conditions at a 
height of 5 kms at any time are supposed 
to control ground weather for the next 
10 days. But no physical basis has yet 
been found why this should be the case. 

It would probably be considered strange 
that in spite of the great accretion in our 
knowledge of physics, and in spite of the 
large number of qualified men employed 
in the study of meteorology, we should be 
forced to admit that success still eludes us. 
Probably one of the reasons is, as one 
great Physicist once told the present 
writer, that meteorology has not yet en¬ 
gaged the attention of a Newton, or as I 
may add of a Bohr or Heisenberg. Another 
reason appears to me that the meteoro¬ 
logists long confined themselves to ground 
phenomena and neglected the Upper 
Regions. It is true, that in recent years, 
upper air surveys have been receiving 
greater and greater attention. There are 
the spectacular stratospheric flights, 
exploration of the Upper Atmosphere 
by Radio-meteorographs—^instruments 
carried in balloons which signal by radio 
weather conditions up to heights of k) kms. 

It is usually thought that ground weather 
is controlled less by the interaction of solar 
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radiation on the atmospheric gases of the 
sun, than by the direct heating of the 
surface of the earth by the solar rays. But 
in the light of the discovery of the stratos¬ 
pheric region towards the end of the last 
century, and plausible influence of upper 
air movements on ground weather possibly 
the upper air studies have been too much 
neglected. In view of the prospective use 
of the stratosphere for air-travel, and the 
use of the still higher region for radio 
propagation, probably the need will soon 
be felt for a better knowledge of not only 
the stratosphere, but also of me still higher 
regions. Here photochemical action of 
solar radiation on the atmospheric gases 
plays the chief part. For studying these 
reactions, we must have a good knowledge 
of the radiative properties of the sun, but 
it is not usually realized how defective 
and imperfect our knowledge in this 
respect is. We have not, as yet, a com¬ 
prehensive knowledge of the reactions pro¬ 
duced by sunlight on the constituents of 
our atmosphere. 

The Ozone Screen 

The sun is regarded usually as a black 
body at 6000“K. But it has been known 
for a long time that this is only a first 
apprtaimaticm. We find several very 
^ling deviaticHis fi:x}m the black body 
curve. Even after allowing for loss by 
absorption and scattering by the atmos¬ 
pheric constituents, we find that the 
emissivity of the sun cannot be referred 
to any definite temperature. Our know¬ 
ledge is particularly defective in the ultra¬ 
violet region because the solar spectrum 
is abruptly cut off below A 2900 A. This 
was regarded as a great puzzle by the 
earlier workers. In 1881 Hartley showed 
that this abrupt termination of the solar 
spectrum is due to a small amount of 
ozone present in the atmosphere. Ozone 
is not distributed according to the laws 
of hydrostatics as in the case of the other 
gases, but was shown by Fabry and 
Buisson in 1913 to be localized in the 
upper regions. Interest has now shifted to 
an actual determinatiim of the total 
amount of ozone in the atmosphere, its 


variation vdth altitude, season of the year 
and the time of the day. A successful 
carrying out of the programme involves a 
world-wide survey which has been initiated 
by Dobson, Gotz and Meetham, and is 
being carried out in different countries 
of the world. But what is most surprising 
is the extremely small amount of ozone 
which is responsible for the complete 
obliteration of the whole solar spectrum 
between A2900 A and A 2200 A. The 
amount is found to be not more than -3 
cm. of the gas at NTP spread over the 
atmospheric layer from 20 km to 50 km, 
and having a maximum density at about 
30 km, but the amount undergoes varia¬ 
tions which are clearly connected with 
meteorological conditions. The ozone itself 
is not an original constituent in the sense 
that O 2 or Nj are, as in that case, instead 
of occurring at a height it would have 
settled down at the bottom, but this is 
not the case; it has been found that O 3 is 
produced by the photochemical action of 
sunlight on the oxygen of the atmosphere 
in a way which is not yet completely 
elucidated. But this small amount is suffi¬ 
cient to cut oflT the whole amount of ultra¬ 
violet light below A 3000 A. In a sense this 
is lucky, as otherwise sunlight would have 
had a very harmful action on living matter 
on the earth and probably would have 
made life very trying, if not impossible. 

Abov« the Ozone Screen 

Suppose we can push above the ozone 
screen. What would the spectrum of the 
sun be like? Such a feat does not appear 
to be quite impossible. In fact, Regener, 
to whom the world is indebted for the 
cosmic ray exploration of the Upper 
Atmosphere, sent up in his sounding 
balloon an automatically working spectro¬ 
graph to a height of about 30 km and 
secured the spectrum of the sun from this 
height. It was found that the ultra-violet 
limit is slightly pushed down and a much 
smaller time is needed to secure the solar 
spectrum at A 2900 A. It is quite possible, 
as was suggested by the present author in 
a Harvard Bulletin three years ago, that 
in the future automatically working quartz 
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or fluorite spectrographs would be regu¬ 
larly sent up in balloons up to a height 
of 50 km and the spectrum of the sun 
below A 3000 A would be secured. Such 
work will greatly add to our knowledge 
of the radiation from the sun in this 
region, which is subject to greater fluctua¬ 
tions with disturbances on the sun than 
the spectral region directly accessible, 
and thus entirely set at rest speculation 
regarding solar radiation in this otherwise 
inaccessible region. 

Aurora: Active Sun 

But as long as such direct evidences are 
not forthcoming, it will be necessary for 
us to obtain conclusions from indirect 
sources These are the phenomena which 
are observed in the part of the atmosphere 
above the ozonosphere. This region does 
not contain more than 2 per cent of the 
total mass of the atmosphere, but it is 
found to be as much crowded with in¬ 
teresting phenomena, nay even more than 
the 98% down below. Amongst these 
phenomena, the best known is the Aurora 
or the polar lights which are familiar to 
the dwellers of the northern regions which 
suffer from a long winter night. The sky is 
frequently illuminated in these regions by 
brilliant flashes of light and these, naturally 
enough, have engaged the attention of 
generations of Scandinavian physicists, 
Birkeland in the early part of this century, 
Stormer, Vegard, Rosseland and their 
pupils at the present times. Even before 
systematic studies were started it was 
found that the occurrence of these northern 
%hts was subject to solar control. It was 
found that the brilliancy and frequency 
of these auroral lights were not constant 
from year to year, but varied in the same 
way as the sjjots of the sun; the period 
being nearly 10*32 years, roughly known 
as the 11 year period of the sim. 

The close connecticn between sunspot 
activity and the occurrence of aurora led 
Birkeland to the view that auroral pheno¬ 
mena were probably due to injection of 
streams of electrons coming straight firom 
the sun in a narrow jet into the atmos¬ 


phere of the earth, a view which he further 
confirmed by laboratory experiments re¬ 
peated in recent years by Briiche. The 
streams, on their entry into the earth’s 
atmosphere, are deflected by the magnetic 
action of the earth’s field and are focussed 
round about the magnetic pole. The com¬ 
plete mathematical theory of the orbits of 
electrons in the earth’s atmosphere has 
been worked out by Stormer, in several 
important treatises. Paulsen, on the other 
hand, thought that the swarm of electrons, 
which produces the aurora, does not come 
direct from the sun, but is produced by 
ultra-violet rays of the sun acting photo- 
chemically on the constituents in the 
uppei^ atmosphere. This theory has been 
worked out in great detail in recent years 
by Maris and Hulburt and supported by 
numerous cogent arguments. The great 
difficulty of Stdrmer’s explanation is that 
according to his theory, the region of 
maximum occurrence of aurora would be 
a region about 2 to 3° round about the 
magnetic pole, while actually the zone of 
maximum occurrence forms a girdle of 
about 20° radius about the magnetic pole. 
Further, as Hulburt noted, the electron- 
projection theories are mostly geometrical 
and do not attempt to go into the physics 
of the problem. For this, we must turn to 
an examination of the spectrum of the 
aurora which has been carried out for a 
long time by Vegard, Stbrmer and others. 
The most important line is a green line, 
the origin of which was unknown for a 
long time. As it apparently occurs at a 
great height of the atmosphere, at first 
sight it appeared that it must be due to a 
gas which is very light, even lighter than 
hydrogen. This hypothesis was rendered 
necessary because hydrodynamical cal¬ 
culations showed that with reasonable 
assumptions about the temperature dis¬ 
tribution in the upper layers of the atmos¬ 
phere, there would be very little of the 
heavier gases left at heights of about 200- 
300 kms in the regions where the aurora 
appear. In fact, there would be scarcely a 
single molecule of nitrogen or oxygen in a 
cubic centimetre. The upper atmoi^here 
would consist entirely of light elements 
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like hydrogen and helium. But surprisingly 
enough, neither the green line nor any 
other auroral lines could be ascribed to 
either hydrogen or helium; hence we must 
exclude the possibility of the existence of 
these elements in the upper re^‘ons. This 
green line was therefore ascribed to a 
hypothetical element even lighter than 
hydrogen, called Geocoronium by 
Wegener. But when Moseley definitely 
proved that there was no place for such an 
element in the Periodic Table, it was 
found necessary to look for the origin of 
the lines from amongst the known ele¬ 
ments. After an epic struggle, the line 
was traced, chiefly due to the efforts of 
the late Sir John MacLennan, to the old 
familiar oxygen atom, in a peculiar state 
of excitation. The reason why this identi¬ 
fication was not made earlier is that the 
line does not occur in the ordinary dis¬ 
charge spectrum of oxygen. It is given by 
the oxygen atom when it is in a metastable 
condition, by what is known as the for¬ 
bidden transition firom one metastable 
level to another. Though the subtility of 
the origin of the line, and its implication, 
can oifly be realized by one having an 
intimate knowledge of spectroscopy, the 
discovery shows that oxygen, contrary to 
hydrodynamical conceptions, is present in 
the auroral ref^tms (80 kin-400 km) in the 
atomic state and in a peculiar state of 
excitation; a closer examination of which 
alone can lead us to a knowledge of the 
peculiar physical conditions prevailing in 
this region. 

Further examination of the spectrum of 
the aurora reveals lines which have been 
identified with those of ionized nitrogen 
and neutral nitrogen molecules. Recently 
Kaplan has reported a forbidden line of 
atomic lutrogen. Before we turn to an 
examination of the solar control of the 
aurora, let us consider another associated 
phenomena. 

Night Sky Phenomena: 

Qjoiet Son 

But it is not merely the region round the 
magnetic poles which shows such un¬ 


expected behaviour. It has been well 
known that if one observes the sky from 
the countryside far away from the city 
lights at the dead of night, the starless 
parts of the sky do not appear to be 
absolutely dark, as one finds when one is 
placed in an absolutely light-tight cham¬ 
ber, but appear to possess considerable 
luminosity. This must originate from the 
upper regions of the atmosphere, even at 
stations far removed from the magnetic 
poles; hence the luminosity must be due 
to some other cause besides artificial 
stimulation by electrons which give rise to 
aurora. An examination of the spectrum 
of the luminous night sky carried out at 
different regions of the world reveals very 
interesting information. It shows the same 
green line of oxygen and certain other band 
lines which have been identified with 
those of nitrogen. There is, however, one 
important difference between the spec¬ 
trum of the night sky and of the aurora. 
In the latter, bands due to ionized nitrogen 
predominate and the lines due to un¬ 
charged nitrogen molecules are very feeble. 
The re^’erse is the case with the spectrum 
of the luminous night sky. Here the nega¬ 
tive bands are faint and sometimes even 
absent, whereas band lines due to neutral 
nitrogen molecules are extremely strong. 
The or^n of the luminescent night sky 
must be traced to the fact that at these 
he^hts sunlight is absorbed by the atmos¬ 
pheric gases in the daytime and stored in 
some way to be re-emitted at night. A 
closer examination of the phenomenon 
therefore promises to throw much light on 
the nature of the solar radiation, because 
the night sky phenomenon can be due to 
no other cause except the action of the 
ultra-violet rays of the sun below A 2000 A 
on the constituents of the upper atmos¬ 
phere. 

From the above short account, it will be 
clear that the luminescent night sky, and 
the aurora, both represent optical excita¬ 
tion of the constituents of the upper atmos¬ 
phere, but under different conations. The 
former is a purely photochemical excita¬ 
tion, by a normal sun—the latter is due 
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to an active sun, and further complicated 
by the peculiar way in which optical excita¬ 
tion is provided through electrons which, 
according to one view, come directly 
from the sun, but accor^g to another, 
are photoelectrically liberated in the outer 
regions of the sunlit part, and are deflected 
by the field of the earth towards the 
magnetic poles. It will be seen that all 
upper atmospheric phenomena, electrical 
as well as magnetic, can be divided into 
these two main categories, as shown in 
the following table; 

Terrestrial magnetism and its 

variation 

The solar control of the magnetic field of 
the Earth is illustrated by disturbances of 
two types—an erratic one called Magnetic 
Storms, first observed by Celsius in 
Sweden as early as 1741, who found that 
the coming of the aurora was heralded 
by a certain amount of restlessness of the 
magnetic needle; the Magnetic Storms 


have since been much studied and have 
been found, in general, to occur in greater 
intensity and frequency simultaneously 
with periods of solar activity indicated by 
sunspots and aurora But though corres¬ 
pondence between the two sets of pheno¬ 
mena has been established in a general 
way, individual correspondence has not 
been established, i.e., every big spot has 
not been found to be associated with large 
scale auroral displays or with large 
Magnetic Storms. 

The second type of disturbance of the 
magnetic needle is of a more regular nature 
and shows a diurnal and a monthly period. 
At sunrise, the NSP of the needle is shghtly 
east of its position; at noon, it points 
approximately to its mean position, to¬ 
wards simset it moves to the west, and 
regains the mean position again at mid¬ 
night. 

A Gaussian analysis of these types of dis- 


TaUe 


Sun 

Quiet 

Active 

Erratic 

Long Period 
Variations 

Eleven-year Period 

•• 

• 

Spots, Faculae, 
Prominences 

Bright Eruptions 

80,000 years 

Total Radiation 

1*92 cal/per cm*/ 
sec 

1 -92+*0007 (sunspot no.) 

•• 

• 

Optical 

Luminous Night- 
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turbances showed that they originate in 
the Earth’s atmosphere and the first 
explanation was given by Balfour Stewart 
about 1860, and considerably extended by 
Schuster. The theory conceives that the 
daily disturbances are caused by horizontal 
movements of electric currents m the upper 
atmosphere across the vertical component 
of the Earth’s magnetic field. The nature 
of these currents could not be explained 
at the time, but after the discovery of the 
electron, they were naturally ascribed to 
movements of electrons, and detailed 
theories of daily variation of magnetic 
elements were worked out by Chapman 
and others. 

The Ionosphere 

The idea that there are charged particles 
moving in the upper atmosphere was 
rescued from the cold storage into which 
it had fallen in a rather romantic way, 
when Marconi in 1898 succeeded in 
transmitting electromagnetic waves from 
England to America. When the result 
was communicated to the Royal Society, 
Lord Raleigh very pertinently remarked 
that the waves could not have travelled 
in a straight line, as there are hundreds 
of kilometers of solid obstacle presented 
by the curvature of the earth when the 
two statiims are connected by a straight 
line. They must therefore be guided along 
the surfece of the earth, or got reflected 
from the upper atmosphere. To explain 
this difficulty, Keimelly and Heaviside 
almost simultaneously about three years 
later proposed that the upper atmosphere 
contains a number of free electrons which 
form a sort of metallic shield about the 
earth, reflecting the wireless waves and 
thus keeping them confined within a 
narrow shell about the earth 

The prediction was at that time in the 
nature of speculation but success of wire¬ 
less propagation and the fact that all other 
alternative explanations were found either 
useless or insufficient showed that the 
hypothesis of the existence of the ionized 
layers higher up in the sky was one in 
the right direction. Precise theory has 


evolved as a result of successful refine¬ 
ments by Eccles, Larmor, Appleton and 
others. At the present time it is known 
that the electrons which act as reflectors 
of the wireless waves are stratified in 
different layers of which two are per¬ 
manent They are known as the Ej which 
is at a height of about 100 km, and Fg 
discovered by Appleton in 1923, which is 
at a height of about 200-250 km. Methods 
have now been perfected for finding out 
the night and day vanation of the heights 
of these layers, their maximum electron 
concentration and \ariation of these quan¬ 
tities during the hours of day and night 
and also during the whole year. In addi¬ 
tion to these permanent layers there are 
subsidiary ones, of which mention will be 
made later. 

Source of free electrons: Photo-ioniza" 

don 

We can now ask ourselves about the origin 
of these electron layers. Here, as in the 
questions about the origin of the aurora, 
there were long controversies whether 
these layers were formed by electrons 
coming direct from the sun as originally 
proposed by Birkeland, or were they due 
to electrons liberated by the ionizing action 
of ultra-violet sunlight. The question was 
answered in a decisive way by observations 
of the density of electrons during the total 
solar eclipse of 1932. These showed con¬ 
clusively that at least in the E and Fj- 
regions the electrons were produced by 
the ultra-violet sunlight because, during 
the instant of totality as soon as the light 
was cut off, the density of electrons fell 
to a very small value. It is therefore clear 
that the production of electrons in the E 
and Fj-regions is entirely controlled by 
the sun, through its ultraviolet radiation. 

A thermo-dynamical theory of ionization 
of the upper air constituents by the ultra¬ 
violet rays of the sun was worked out in 
a general way six years before the eclipse 
observations gave a clear reply to the 
controversy by Prof Pannekoek of Ams¬ 
terdam in 1926. In 1931 Prof Chapman, 
follovdng an earlier work by Lenard, 



MN SAHA 


59 


worked out a mathematical theory of the 
production of electrons by monochromatic 
light which enabled one to obtain a formula 
showing the variation of electron con¬ 
centration with the zenith angle of the 
sun. We have here the gases constituting 
the earth’s atmosphere, which are being 
traversed by the rays of the sun at varying 
angles. The rays produce the dissociation 
of molecules into atoms, and ions and 
electrons. But these processes cannot go on 
unchecked, and the free ions and electrons 
recombine producing again neutral par¬ 
ticles and sometimes the electrons attach 
themselves to elements having electron 
affinity and form negative ions. 

The general theory of ionization of the 
atmospheric constituents by sunlight was 
worked out by Pannekoek by extending 
the theory of Thermal Ionization given by 
the present author six years earlier with 
the aid of a modification proposed by 
E A Milne for the case when the tempera¬ 
ture of radiation is very different from that 
of the gas traversed. Pannekoek calculated 
the equilibrium number of electrons pro¬ 
duced by the sunh'ght fix>m nitrogen, 
oxygen and hydrogen molecules making 
certain plaimble assumptions regarding 
the quantities which are needed for the 
calculation. These are the ionization 
potentials of the molecules and the ele¬ 
ments, the temperature of the sun regarded 
as a black body, and the temperature of 
the upper atmosphere. The values adopted 
for all these quantities were rather rough, 
but nothing better could be done at that 
time. Pannekoek was, however, able to 
show that the number of electrons obtained 
fix>m such calculations and the height at 
which the maximum concentration occurs 
were in rough agreement with the number 
obtained fit>m the ionospheric experiments. 
By 1931 much more was known about the 
ionosphere, e.g., there was, thanks to the 
work of Appletcm, Nichols and Schelleng, 
Gilliland and Kirby, precise information 
regarding variation of the maximum 
number of electrons in the E and F-layers, 
during hours of the day, with season and 
latitude, and to account for these Chapman 


worked out in greatei detail the variation 
of the number of electrons produced by a 
monochromatic beam of light when the 
rays of the sun fall at different slanting 
angles and was able to show that his 
conclusions were in substantial agreement 
with the results just mentioned. Chapman’s 
theory is, however, severely mathematical 
and he had to assume that the equilibrium 
is of the unicomponent type, that is to 
say, the electrons are produced from one 
component, say from the nitrogen or the 
oxygen molecule or the oxygen atom, and 
the electron produced combines with the 
ion of that component alone. But on 
account of mathematical difficulties the 
theory, although in a position to explain 
the results of observations for the E and 
F-regions roughly, did not enable him 
to make any calculation of the actual 
number of electrons produced as Panne¬ 
koek had done. In fact, the two theones 
existed side by side, and no connection 
was shown between them. 

This fact and the arbitrary assumptions 
regarding the values of the ionization 
potentials, and of the values of the absorp¬ 
tion coefficients of the photo-ionizing 
radiation made it extremely desirable that 
the foundations of both the theories should 
be further critically examined. 

A beginning in this direction has been 
made by the author and R N Rai. It is a 
re-working of the Pannekoek theory, since 
they found that the Chapman theory was 
impli^tly contained in the fuller theory of 
Panndtoek. But they have shown that a 
satisf^tory theory involves accurate know¬ 
ledge of many factors, such as absorption 
coefi^nt, ionization potential, etc. Some 
of these, e.g. ionization potentials which 
were roughly known when Pannekoek 
gave his tiheory, had been more precisely 
determined by 1936. But a knowledge of 
IP alone is not sufficient, as information 
must be available regarding the intensity 
and variation of the absorption coefficient 
of these radiations with fi:equency for 
atmospheric constituents, atoms or the 
molecules concerned. The necessity of this 
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was not realized before, but as the height 
of maximum lon-production varies in¬ 
versely as To, the maximum absorption 
coefficient, the importance of determining 
accurately the nature of t{v) —v curves 
becomes apparent. 

The previous workers had used for this 
purpose a formula given by Kramers, 
which was deduced on the basis of the old 
quantum theory for explaining the absorp¬ 
tion of X-rays by matter. But, as Rosseland 
remarked, the usefulness of the formula 
was over-stressed, and even in the case of 
hydrogen, where it is most expected to 
hold, Leigh Page has recently found the 
formula defective. The best course would 
have been to obtain the nature of t{v)— v 
curves from actual laboratory experiments, 
but obviously such experiments can be 
carried out only for and Ng, and it 
cannot yet be seen how they can be carried 
out for O and N-atoms. Even in the case 
of molecules, the experiments are very 
difficult, and complicated by other pheno¬ 
mena. But such experiments as exist (e.g., 
those of Hopfield and Takamine) and 
their theoretical interpretations show that 
for each of the and Nj-molecule, two 
types of ionization exist—^first, a ^ble 
<»ie, caused by a forbidden electronic 
tranrition, and the second one, caused by 
an allowed transition. The -r-vaiues for 
the two processes are entirely of a different 
order, the second process being at least 
10 *-times more intense than the first. 

A tentative wave-mechanical theory for 
photo-ionization of atoms like O and N 
can be worked with some effort, but it 
appears wrong to utilize the same or a 
slightly modified formula for molecular 
photo-ionization. It is rather surprising 
that no theory of photo-ionization of 
molecules has yet been attempted. A 
beginning in this direction has been made 
by B D Nagchowduri and K M Bose for 
Hg, but the cases of Og and Ng present 
almost insuperable mathematical difficul¬ 
ties In this connection it may be noted that 
the t(v) — V curve does not begin with a 
maximum at tq, the minimum photo- 


ionizing frequency, but is reached at some 
distance, depending on the values of the 
nuclear distances of the atom, and the 
ion respectively. Further, the curve is not 
smooth like that of the atomic photo¬ 
ionization curve, but is broken up at 
points v= i?o+Wtt), where a» is the frequency 
of vibration of the ion, and n is the number 
denoting the upper harmonic. 

It will possibly take some time before such 
curves, so much necessary for calculating 
ionization of the upper atmosphere, are 
accurately determined. It is, however, 
pleasant to notice that Takamme has 
already started such experiments, and 
obtained a certain amount of verification 
for ionization of the Ng-molecule by 
neon-light. 

Formation of Electron Layers 

An unexpected result, which comes from 
the revised Pannekoek theory of ionization, 
is a successful explanation of electron layer 
formation, which was originally attempted 
by Lenard and more fully from the mathe¬ 
matical point of view by Chapman. They 
showed that if monochromatic bght is absorbed 
by atmospheric constituents with liberation 
of electrons, the constituents being assumed 
to be distributed according to isothermal 
equililuium, a layer of electrons is formed 
in the r^ons where absmrption takes 
^ace. The electrcMKfonsity att^^ a maxi¬ 
mum at a certain fevel, where the fMressure 
is proportional to M^/to, and falls off 
nearly parabolically on both sides. The 

kT 

half width of the layer varies as w = H, 
' M^> 

usually known as the height of homoge¬ 
neous atmosphere. This theory was roughly 
verified by investigations of the form of 
the lower side of the E^-layer and the 
Fj-layer It appeared that to explain the 
form of the E^-layer, it has to be assumed 
that H is small, of the order of 10-15 kms., 
while that of the F^-layer is about four 
times as great. These might be ascribed to 
the fact that the temperature of the F^- 
region is, according to some workers, 
about four times larger than that of the 
E-region, but if the Fj-region is due to 
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ionization of the oxygen atom, as suggested 
here, we need not make the temperature 
four times larger than that of the E-layer. 
A temperature double that of E would do. 

But apart from other difficulties Chapman’s 
work was insufficient in one respect, 
namely, that it was proved only for 
monochromatic light, whereas actu^y if 
we suppose the sun to be a black body at 
6000°K the ionizing radiation should 
conast of the whole spectrum beginning 
finom a certain limit and extending indefi¬ 
nitely towards the ultra-violet. It could 
not be seen offhand if ionization by such a 
spectrum would not destroy much of the 
properties of the layer. But in the revised 
theory, it so happens, and it is a rather 
unexpected result, that even continuous 
spectrum produces a layer very much 
similar to the simple one made familiar 
by the work of Chapman. It must be 
admitted, however, that the form of the 
layer depends to some extent on that of 
the photoionizing absorption curve, which 
is not yet known for the ionization pro¬ 
cesses actually occurring in the atmosphere 
but is only deduced from a plausible theory. 
As l<H3g as this is not known, it is of course 
not posdble to give fixrther precision to the 
theory, but approximate values of electron 
concentration can be obtained with the 
aid of some plausible assumptions regard¬ 
ing the radiation from the sun and the 
temperature of the Upjjer Regions. 

These conaderations, therefore, lead us 
to the conclusion that the different stable 
layers as observed in the ionosphere are 
due to ionization, by the appropriate 
solar radiation, of distinct constituents of 
the atmosphere, viz. Ng, Og, N, O, the 
maximum of the layer occurring at the 
height wh«:e total absorption of ionizing 
radiation by the particles reaches its maxi¬ 
mum value. We may proceed to identify 
the processes. The 1^-layer must be due 
to a process of ionization which is effective 
only at a height of 100 kms. As the amount 
of gaseous oxygen and nitregen molecule 
above this height is of the order of a few 
ems, the radiation which causes E-layer 


ionization should be such that it can be 
transmitted through a few ems of nitrogen 
and oxygen gas at NTP. These considera¬ 
tions prove that the E-layer is probably 
formed by the first process of ionization 
of Og and Ng at 12-2 and 15-5 volts. The 
pressure at the apex of the layer is given 

by P ^ Now for an allowed transition. 


Tg is of the order of 3x 10"^’; for a for¬ 
bidden transition it may be taken to be 
lO-times smaller, say lO”®*. We then get 
P= 10-2—10"* mm. of mercury. This is 
just the pressure in the E-layer. The Fg- 
layer, on the other hand, should be due 
to ionization by radiation which can be 
stopped by about a thousandth mm. of 
the gas, because at a height of200-250 km, 
where this layer is formed, the amount of 
gas lying above cannot exceed this amount. 
We can easily link up this fact with the 
second ionization of Ng and Og which 
gives rise to excited O 2 + and Ng, because 
ffie ionization occurs with an intensity 
which as mentioned before is about 10,000 
times stronger than the first ionization. 
Hie pressure, calculated from the formula 

P^ is of the order of 10"® to 10"’ mm 


which is of the order of pressure at the 
F-layer. The Fj-layer is a purely daylight 
phenomenon. It is found that the night 
F-layer splits up into Fj and Fg when 
the sun is sufficiently high up in the sky 
and towards nightfall, when the sun’s 
altitude has fallen, F^ and Fg unite to 
form one single layer. The Fj-layer is 
therefore a purely daylight phenomenon 
and is probably due to an extra process 
besides ionization which is operative only 
during daytime. All the available know¬ 
ledge supports the view and this has also 
been mathenoatically demonstrated by 
Dr R G Majumdar that dmring daytime 
the oxygen molecule probably completely 
dissociates into atoms at a height of about 
200 kms on account of absorption of 
radiation between the wavelengths 1750 A 
and 1300 A, a process which has been 
very thoroughly studied in the laboratory 
by Ladenburg and Van Voorhis. P, the 
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pressure at which the maximum absorp¬ 
tion of this radiation occurs, is of the order 
of 10"* to 10"® mm of mercury and hence 
it is between the E- and F-layers. The 
electrons which give rise to the F^-layer 
must be due to further ionization of the 
oxygen atoms, so produced during daytime. 
At night time or when the sun is sufficiently 
slanting, probably most of the oxygen 
atoms at this level would recombine to 
form molecules and therefore the F^-layer 
will disappear, as there are not sufficient 
oxygen atoms to be ionized. 

The Fg'layer 

This explanation may appear to be appa¬ 
rently at variance with certain other 
observations, for example, the anomalous 
behaviour of the F^-layer. It has been 
already remarked that the formation of 
the El- and Fi-layers follows solar control 
and it demonstrates approximately the 
validity of the theory of photo-ionization 
by sunlight and theory of recombination 
as in a unicomponent system. The concen¬ 
tration in these layers attains a maximum 
at about noon and follows the fourth 
power of the cosine of the sun’s zenith 
angle, a result which can be deduced from 
these theories. The seasonal variation is 
also in accordance with the theory of 
solar control. But not so with the Fg-layer 
for which maximum concentration is found 
to occur for Slough in summer at about 
9-10 AM, is followed by a minimum at 
2 PM, followed by a maximum at 8 pm, 
and a pronounced minimum at 3 am. 
Even during winter, though a midday 
maximum is obtained, there is an un¬ 
accountable smaller maximum at 
midnight. For other latitudes as well, the 
behaviour is anomalous. During total 
solar eclipses, the Fg-region ionization 
appears to remain unaffected All these 
and other facts show that either the solar 
control theory is insufficient for this region, 
or in working out the theory of photo- 
ionization we should not regard the 
system to be a umcomponent one. Pro¬ 
bably in the Fg-region the pressure is so 
low that collision between the electrons 
and ions must be extremely infrequent, 


and neutralization takes place after inter¬ 
vals of the same order of magnitude as the 
day; hence the equilibrium theory has 
probably to be considerably modified. 

It must not be supposed that even if we 
except the highly perplexing features of 
the Fj'region, the theory of solar control 
can explain all the characteristics of the 
ionosphere. Rather puzzling is the persis¬ 
tence of ionization in the E-region at 
night. According to the solar control 
theory, the E-region should entirely dis¬ 
appear as soon as light is withdrawn 
because in this region collision frequency 
is quite large (10® in a sec) and recombina¬ 
tion must be very quick, but we find that 
there is residual ionization, about l/20th 
of the maximum amount, which is present 
throughout night. It does not appear 
probable that this is due to positive ions. 
We must therefore suppose, as Martyn 
and Pulley have done, that at night there 
is probably some mechanism at work by 
wlich fresh electrons are produced. It is 
not improbable that a neutral molecule 
colliding with a negative ion might knock 
out the electron, and supply the electrons 
necessary for maintaining the residual 
E-layer at night. 

A complete theory of the various puzzling 
ionosi^eiic phenomena will probably take 
years of work. Much depends on the correct 
interpretation of the results obtained by 
the method of reflection of radio waves 
from the ionosphere. It must not be sup¬ 
posed that the magneto-ionic theory of 
propagation of e.m. waves which is now 
holding the field is infallible. 

Radio Fade-outs 

Probably the solar control of the upper 
atmosphere is nowhere more strongly 
illustrated than in the phenomenon of 
Radio Fade-outs, which has been studied 
in recent years as an international pro¬ 
gramme by a number of workers in Europe 
and America, particularly by Dellinger in 
the USA and Jouast in France. It was 
observed for some years that sometimes 
radio signals which were being usually 



MN SAHA 


63 


received from a distant station suddenly 
stop and the normal conditions are obtai¬ 
ned after a lapse of time which extends 
usually over a few minutes. Observations 
showed that many of these sudden radio 
fade-outs were simultaneous with the 
appearance on the surface of the sun of 
small bright patches of intense white light 
observed by Carrington as early as 1859. 
Spectroscopic observations carried out at 
Mt. Wilson and elsewhere showed that 
these patches emit the Balmer lines of 
hydrogen in great strength. From the inter¬ 
national programme carried out by 
Dellinger and Jouast it was found that the 
phenomenon is confined only over the 
sunlit part of the globe and the interrup¬ 
tions were simultaneous over different 
parts of the earth within the sunlit regions, 
and that the sudden stoppage was connec¬ 
ted with intense chromospheric eruptions, 
though all eruptions did not give rise to 
radio fade-outs. Further investigations 
showed that neither the ionization nor the 
height of the E- and F-layers was very 
much disturbed during these sudden 
radio fade-outs. The cause of the distur¬ 
bance must, therefore, be sought below 
the E-region or in an intense transitory 
itmization of the regions below E, which 
is sometimes called D by Appleton. This 
is further ccmfirmed by an increase in 
intensity of long-distance radio by means 
of very long waves during radio fade-outs, 
which refer only to short and medium 
waves, because long waves are reflected 
from the low, i.e., D-layer. Further, the 
radio fade-outs are accompanied by mag¬ 
netic disturbances of short duration, which 
are strongest over the part of the globe 
directly under the sun at the time of the 
eruption. This shows that the small patches 
send out flares of ultra-violet light which 
produce intense ionization of the region D. 

Let us see how this flare works. The great 
strengthening of the hydrogen lines is 
merely a token that something unusual is 
happening on the sun. Spectroscopy tells 
us that when the Balmer lines are emitted 
in great strength, the Lyman lines would 
in fact be far stronger, but it can be 


shown that neither the Balmer lines nor 
the first two Lyman lines can produce any 
ionization in the atmosphere, because the 
amount of energy they carry is below the 
critical limit required for ionizing any of 
the atmospheric constituents. It is only the 
third Lyman y and the subsequent lines 
which can ionize to O 2 + by the first 
process of ionization which, being feeble, 
can penetrate to lower levels. This is also 
confirmed by the experiment of Takamine 
and Suga who found that the Ly and Lp 
lines can be transmitted in unduninished 
strength through thin columns of O 2 , but 
the slightest trace of O 2 obliterates Lp. 
There may be, besides, radiation of other 
elements of approximately the same wave¬ 
length and they will reach the D-level 
which contains, above itself, nearly 11 cm 
of N 2 and 0'57 cm of O 2 at NTP. The 
above is only a suggestion. The particular 
part of the solar spectrum which is respon¬ 
sible for the extra ionization in the D-layer 
wiU be only foimd out after extensive 
research But the phenomenon illustrates 
that even transient disturbances on the 
surfece of the sun find their echo on the 
doings of mankind on the earth, which 
involve the upper atmosphere. 

Tentative theories of the Luminous 

Night Sky 

We might briefly pass over the problem 
of the luminous night sky phenomenon, 
which has been briefly reviewed earlier. 
There is no difiSculty in comprehending 
that the luminescence of the night sky must 
be in some way intimately connected with 
the action of sunlight on the constituents 
of the Upper Atmosphere. But the great 
puzzle is the persistence of the phenome¬ 
non. Take for example the green line, 
which is a permanent feature of the night 
sky. We can suppose that during daytime, 
photo-electric action of the solar rays 
decomposes oxygen molecules into normal 
O atoms and excited O atoms, and the 
excited ones if they are in the O'S© -state 
revert back to a lower state giving rise to 
the green line. It must be added, however, 
that no such photo-electric phenomenon 
has yet been discovered. This explanation 
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cannot hold for the night sky emission of 
the green line, because the life of no 
excited atom can ever be much larger 
than a second, and hence as soon as sun¬ 
light is withdrawn all metastable oxygen 
atoms will promptly revert back to the 
normal state. How does the green Une then 
originate in the night sky ? The only expla¬ 
nation which promises a certain amount of 
success is a theory of recombination 
between ions and electrons, which must be 
going on when sunlight is withdrawn 
]^m these heights. At daytime in the 
F-region, illummated by sunlight the 
upper atmosphere would coimst mainly of 
electrons and ionized atoms of O and N 
and probably also of 02’*' and Nj’*'- When 
sunlight is withdrawn at night, the elec¬ 
trons will combine with the ionized atoms 
and molecules. To 6x our attention, let us 
take the case of 0+. An electron colliding 
with it may form oxygen atom in the 
normal state as well as any one of the two 
metastable states (O'S or O'Dj). The 
metastable states, after they are formed, 
will emit the green line or the red line 
and revert back to the normal state after 
fraction of a second, because they have 
nothing else to do. This theory of night 
sky luminescence recalls to the mind of 
the author the stimulating theory of 
Zanstra emission lines of Planetary 
Nebulae, all of which arc forbidden lines 
of the type of the green line. This also 
expladns to some extent the Height-effect 
of Vegard, who found that the green line 
is intensified in the higher part of the dcy. 
The explanation is that at the lower parts, 
the O'So-atom will collide with other 
particles and lose its energy by collisions of 
the second type before it has a chance to 
radiate. The emission of the green line is 
therefore a consequence of recapture of 
electrons by the 0+-ion, and its persistence 
is due to infrequency of collisions in this 
region due to small pressure. It is estimated 
that at these heights, the mean free path 
of the electron is extremely large, say about 
108 cms., and the velocity is probably 
in the neighbourhood of 10^. So there may 
not be more than one collision per second 
but only one in 10® gets captured to form 


an O'So, or O'D^-atom. These will then 
have nothing to do except radiate the 
green or the red auroral lines. We can by 
the same hypothesis explain the absence 
of the negative bands of nitrogen from the 
night sky spectrum. It is well known that 
the negative bands arise firom an excited 
state of Ng+ which however can be pro¬ 
duced by direct ionization of normal Nj 
by ultra-violet sunlight possessing an 
energy of the order of about 21 volts. Any 
exated which is produced in these 
upper layers must immediately disappear 
as soon as sunlight is withdrawn, a hypo¬ 
thesis which explains in a convincing way 
Slipher’s observation that during the 
morning or evening flash of sunlight, the 
negative bands of nitrogen are obtained 
from the upper atmosphere in great 
strength but they disappear as soon as 
sunlight passes away. At night time 
therefore the Ng -ion which remains in 
non-luminous and there can be no further 
emission of negative bands, unless N 2 +- 
normal is further activated by electron 
impact. The electrons will combine with 
this Na+ forming different excited states 
and immediately after the recombination, 
the excited Ng will revert back to the lower 
states giving rise to the second and first 
positive bands and the Vegard-Kaplan 
bands. The persistence of luminosity in 
the sky throughout the night, therefore, 
seems to be due to the fact that on account 
of extreme rarefaction at these heights, the 
rate of recombination is extremely dow. 
As a matter of fact even without fresh 
sunlight, the electrons and free positive 
ions can probably exist for days together, 
as is shown by the existence of the Fg- 
region in the polar atmosphere, even when 
these regions are perpetually in the dark 
for days together. 

Astrophysical Theories of the Sun 

From the above incomplete review it will 
be clear that a correct interpretation of 
the upper atmospheric phenomena suffers 
greatly from the desiderata that we have 
no direct knowledge of the ultra-violet 
part of the solar spectrum as it would 
appear to an observer outside our own 
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atmosphere. For our purpose, this know¬ 
ledge is most important because almost 
all the Upper Air Phenomena are due to 
the action of ultra-violet light on the cons¬ 
tituents of the atmosphere and when a 
disturbance takes place on the sim, it is 
the ultra-violet radiation which is most 
affected. But the question may be asked 
why not tackle the question from the 
astrophysical side? As a matter of fact, 
astrophysicists have not been idle. Mention 
may be made of a famous paper by Sir 
A S Eddington which aimed at giving a 
quantitative idea of the formation of 
Fraunhofer lines and its subsequent exten¬ 
sions by Milne, Chandrasekhar, Wooley 
and Stromgren. But if one goes very deeply 
into the fundamental assumption under¬ 
lying these works, it is found very difficult 
to be able to agree with many of their 
basic assumptions, e.g., there is no reason 
to suppose that the radiation from all 
layers of the sun should be black body 
radiation. In fact, the assumption is posi¬ 
tively contradicted by certain observations. 
If the temperature of the surface of the 
sun, which gives us the continuous back¬ 
ground of light, were 6000°K, it can give 
us only such ab^rption lines which require 
moderate excitation and the chromos¬ 
pheric spectrum would give us emission 
lines whose excitation potential should 
not be greater than 6 to 9 volts. But it is a 
well known fact that the chromospheric 
spectrum of the sun gives us the lines of 
helium requiring an excitation potential 
of over 20 volts and also a line of helium+ 
(A=4686 A) which requires an excitation 
potential of about 79 volts. It is therefore 
dear that the common notion that the 
sun radiates like a black body at a tempe¬ 
rature of 6000°K can only be an approxi¬ 
mation and a very rough approximation 
indeed. In fact, the Russian observers, 
Ferepelkin and Melnikov, in a publication 
from the Pulkovo Observatory have shown 
that the intensity of these emission helium 
lines is almost nil on the limb of the sun, 
and gradually rises to a maximum at a 
height of 2500 km. in the solar atmosphere 
and then steadily falls. This shows that the 
mechanism, which is responsible for the 


emission of these helium lines must be 
very different from what is associated with 
a state of black body radiation. We can 
suppose that the intense ultra-violet radia¬ 
tion firom the interior passes through the 
upper layers of solar gases, produces ioniza¬ 
tion in these layers and subsequently 
these ionized electrons and atoms recom¬ 
bine giving rise to the intense helium 
lines which are observed fi:om the chromos¬ 
pheric spectrum of the sun but are absent 
from the Fraunhofer spectrum. If the 
lines of subordinate series to which belong 
most of the helium fines in the visible and 
the He+-fine A 4686A can come out 
prominently, it is clear from fundamental 
consideration of atomic excitation that the 
fine of the fundamental series A 584 A 
due to He, and A 304A due to He+ should 
come out still more prominently. Thus if 
we could observe the spectrum of the sun 
in the ultra-violet region, probably the 
principal fines of helium, hydrogen and 
iron+ and many other elements would be 
obtained as emission lines. But at the 
present time all theoretical works would be 
merely speculative. The decisive evidence 
would be obtained if a spectrum of the sun 
could be secured at a height of 40-50 km. 
i.e., considerably above the ozone layer. 

The above short review shows that though 
it is easy to postulate that the atmosphere, 
upper as well as the lower, is entirely 
controlled by the sim, it is very difficult to 
work out the details and present a com¬ 
plete unified theory. For ^s purpose we 
must know more about the normm beha¬ 
viour of the sun, as well as of its abnormal 
behavioiu: which is manifested in the 
form of sun-spots, prominences, faculae, the 
small patches of intense fight responsible 
for radio fade-outs. But even this does not 
appear to be the whole story. 

Long Period Variation of the Sun 

In a very thought-provoking paper Sir 
George Simpson has pointed out that in 
addition to the short period variation, the 
sun has also probably a long and some¬ 
what irregular period of variation, extend¬ 
ing to about over 80,000 years. He supposes 
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that there is a periodic fluctuation in the 
amount of radiation which is emitted by 
the sun. WTien the amount increased, it 
caused on the earth intense cloud forma¬ 
tion in the equatorial regions, and this, 
paradoxically enough, caused intense 
glaciation over the poles. In this way he 
has been able to explain successfully the 
occurrence in the Pleistocene age of four 
successive glacial epochs separated by 
interglacial ones observed in Europe by 
Pend and Bruckner and connected by the 
anthropologists with the diflferent cultural 


epochs of Horn sapim. Possibly the 
Chcliean epoch, when Horn sapiens began 
to make tools and thus lay the foundation 
of civilization, was started by such a 
caprice on the part of the sun. It is a 
thought-provoking idea, but the astrono¬ 
mer has probably no chance of verifying 
it, as neither he, nor the civilization of 
which he is a bye-product, can hope to 
exist for 80,000 years. This short review 
will, I hope, convince you that the romance 
of our knowledge of the sun is still in the 
making. 



Brevet Colonel Sir Ram Nath Chopra, 
PNA* 

{Foundation Fellow; President^ 1939-40) 
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ORGANISATION AND DEVELOPMENT OF SCHENTEFIG RESEARCH 
IN INDU WITH SPECIAL REFERENCE TO MEDICINAL FLORA 


R N Chopra 
(delivered at Madras^ 1940) 


Resources of India: India has fortunately 
been richly endowed by nature with aU 
that any country can possibly need. 
While primarily an agricultural country, 
with extensive agric^tural and forest 
lands capable of yielding almost all kinds 
of foodstuffs, timber and other economic 
products, it also has very rich resources of 
various minerals on which depends the 
highly industrialized life of the present 
times. Its power resources in the way of 
coal and water power are also very exten¬ 
sive, but have not been adequately deve¬ 
loped. According to Sir M Visvesvarayya 
only 2% of the Hydroelectric resources of 
India have so far been developed. In 
those respects India can rightly be designa¬ 
ted as one of a triumvirate with the 
United States of America and the Russian 
Socialist Federated Soviet Republic, the 
only two other countries of the world 
which have almost unlimited agricultural, 
mineral and power resources. As compared 
to the other two units of this triumvirate, 
however, these resources in India have 
for want of a systematic policy of industria¬ 
lization not been developed, and naturally, 
therefore, India stands very low in the list 
of industrialized countries of the present 
day. This unfortimate position of India is 
intimately connected with the organization 
and development of scientific and technical 
education and research in the country and 
the lack of an industrial policy. A very 
serious situation has suddenly arisen as a 
result of the war which Germany has 
forced on the world and the repercussions 
of which are already materially influencing 
life in every count^. Its direct effects on 
India are already becoming a source of 
great concern boA for the authorities and 
the public at large, as we are dependent 
for the great majority of manufectured 
commodities on imports from foreign 


countries. This has been brought home to 
me very forcibly in connection with the 
drug industry, which seemed to be appa¬ 
rently making a headway, but the out¬ 
break of war has brought to the fore the 
very serious problem of the supply of the 
basic materials for the manufacture of 
medicinal preparations practically all of 
which were being imported from foreign 
countries. This is a situation which no 
self-respectiog country should face with 
equanimity. It would not, therefore, be 
out of place if I may briefly review the 
situation to-day and indicate the urgent 
necessity for the proper planning and or- 
gaiiization of science research as this 
done will make it possible for India to 
assume its proper place in the comity of 
nations, and be as independent as possible 
of imports from other countries of even 
the daily necessities of life. 

Progress of scientific education and research: 
Sir Lewis Fermor and Dr Baini Prashad 
have within recent years discussed the 
organization and progress of scientific 
education and research in India, and the 
late Lord Rutherford also included a brief 
review in his Presidential Address to 
the joint session of the British Association 
for the Advancement of Science and the 
Indian Science Congress Association in 
1938. It would, therefore, suffice if I 
include only a very brief summary here. 

Education on Western lines was intro¬ 
duced into India within comparatively 
recent times and it is, therefore, remark¬ 
able that its progress in the country 
has been so rapid. The first universities 
in this country were foimded at Calcutta, 
Bombay and Madras in 1857, but these 
and othen founded in the latter half of the 
19th century were only universities of an 
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affiliating type and their energies were 
mainly directed towards examining 
students for various examinations and 
degrees, rather than serving as centres of 
teaching or research. With the passing of 
the University Act of 1904, however, 
most of the universities instituted courses 
for advanced studies and special Honours 
courses in scientific subjects and, by the 
appointment of professors and lecturers 
and the extension of libraries and labora¬ 
tories, materially advanced the cause of 
scientific teaching and original research 
in the country. A start had been made in 
regard to scientific education in the latter 
half of the 19th century, but this teaching 
was mainly confined to preliminary studies 
rather than more advanced teaching or 
research. The major part of advances to 
our knowledge in the scientific sphere in 
India up to the beginning of the 20th 
century was due to the scientific depart¬ 
ments of the Government and work of 
independent workers who devoted their 
spare time and energies to studies in 
subjects which interested them. In a 
number of cases such devotion to research 
was looked down upon, and I cannot do 
better than cite the classical example of 
Sir Ronald Ross who was actually rebuked 
for devoting all his spare time to the study 
of mosquitoes; this inddently resulted in 
the discovery of the very important rede 
played by mosquitoes in the spread of 
Malaria. 

University education since this period has 
progressed at a remarkably rapid rate, 
but the reorganization of the secondary 
school system to guarantee a sound basic 
education and primary scientific training, 
and the reorganization of the University 
studies with a view to ensuring a sound 
knowledge of the fundamental sciences to 
serve as a foundation for advanced study 
and research are still urgent desiderata. 

Necessity for development of research activities: 
In the recently reorganized teaching 
universities in admtion to their capacity for 
imparting training in various scientific 
sulyects, research qualifications in the case 


of the professors and lecturers were rightly 
regarded as requisites for appointment 
and promotion, but Prof Saha rightly 
pointed out the defects of the present-day 
situation when he remarked that ‘owing 
to intrigues by vested interests, and defects 
in the constitution, these ideals are being 
lost sight of, nay even abandoned in many 
of the universities, and some of them are 
being reconverted to the high school stage 
from which they were rescued by the 
reforms of 1921-22.’ 

After the World War of 1914-18 greater 
attention was paid to the reorganization, 
on a more extensive basis, of the various 
Government scientific departments and 
research institutions, and a number of 
special research institutions were founded. 
Unfortunately the Board of Scientific 
Advice, which the Government of India 
had established in 1902 for the co-ordina¬ 
tion of scientific work carried out by its 
official agencies, was closed down in 1924, 
and though proposals for the foundation of 
a National Research Council to replace 
this Board have been under consideration 
for several years, the scheme has not 
hitherto materialized. The Indian Re¬ 
search Fund Association which was 
founded in 1911 for the prosecution and 
assistance of research in connection with 
tiie causation, mode of. spread and pre¬ 
vention of erases in India has been 
carrying cm a very useful work, but for 
want of funds its activities have be^ 
greatly restricted since 1931. The Imperial 
Council of Agricultural Research constitu¬ 
ted in 1929 and the Indian Central 
Cotton Committee and the Indian Central 
Jute Committee, have done very valuable 
service in arranging agricultural, techno¬ 
logical and economic research in connec¬ 
tion with agriculture, in effecting the 
improvement of various types of crops, 
and in studying the factors connected with 
the marketing of the products, but even 
here lack of funds has been a serious 
hindrance in the way of progress. Though 
a number of official organizations exist 
for the development of Medical and 
Agricultural Research, there are no insti- 
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tutions worth the name for the advance¬ 
ment of Industrial Research. Various 
private bequests resulting in the Indian 
Association for the Cultivation of Science, 
Calcutta, the Tata bequest resulting in the 
foundation of the Indian Institute of 
Science at Bangalore, Sir Tarak Nath 
Palit, Sir Rash J^hary Ghosh and Khaira 
bequests leading to the establishment of 
the University College of Science at 
Calcutta, the Bose Research Institute, 
Calcutta, founded and endowed by Sir 
Jagadish B(»ie, Rai Bahadur Lakshmi- 
narain bequest to the University of Nagpur, 
the Maharaja of Jeypore bequest leading 
to the foundation of the Science Depart¬ 
ments of the Andhra University, contribu¬ 
tions from the Rockefeller Foundation 
towards the All-India Institute of Hygiene 
and Public Health and the Attock Oil 
Company bequests to the Punjab 
University are responsible for the creation 
of a number of important agencies for 
the advancement of higher teaching and 
research in various sciences. Wim all 
these, however, the fadlities for teaching 
and research in various sciences in the 
vast sub-continent of India have been and 
still are very limited, and it is, therefore, 
a matter of real pride that in spite of these 
handicaps Indian students of science have, 
during this short period of a little over a 
quarter of a century, justified their capacity 
for original investigation. In the words of 
the late Lord Rutherford ‘India is now 
taking an honourable part and an ever 
increasing share in the advance of know¬ 
ledge in pure science’. As Prof Saha, 
however, very cogently pointed out, ‘the 
time has now come not only to strengthen 
the scientific surveys and the research 
atmosphere of the universities, but we 
ought to enter on a third phase, namely, 
scientific research should now be applied 
for solving the industrial problems of the 
country’. 

Value of Industrial Research: Lord Ruther¬ 
ford in his Presidential Address, already 
referred to, gave a very valuable summary 
of the organization of industrial research 
in Great Britain, and, though great difie- 


rences exist between agricultural and 
industrial conditions in Great Britain and 
India, it would be of value to give here a 
brief summary of how the British Govern¬ 
ment have contributed to the promotion 
and organization of industrial and agricul¬ 
tural research in the period since the World 
War of 1914-18. 

Prior to the World War progress in industry 
‘depended, in the main, on the brilliant 
contributions of individual workers, rather 
than on any systematic attack by scientific 
methods on the problems of industry’. 
The World Wzir, however, brought the 
industrialists and the men of science into 
closer contact to their mutual benefit. 
The Government also recognized that a 
more systematic application of science 
and research over a broader field was 
essential in the national interest, and in 
1915 a special Department of Scientific 
and Industrial Research was founded. 
This was followed by the Medical Re¬ 
search Council in 1920 and the Agricultural 
Research Council in 19,31. In fact, the 
establishment of the Department of 
Scientific and Industrial Research marked 
the first organized measure taken in Great 
Britain for helping industry through the 
application of science. Several new organi¬ 
zations controlled and financed by this 
Department were set up to deal with the 
scientific aspects of the use of fuel, of the 
storage and transport of food, of buildings, 
roads, etc., and the famous National 
Physical and the Chemical Research 
Laboratories at Teddingfton were deve¬ 
loped under the aegis of this Department 
As a result very important national 
organizations have been built up for the 
investigation and application of science 
to various problems coimected with the 
daily life of the people and the nation’s 
industry as a whole. ‘In the British organi¬ 
zations there is no political atmosphere, 
but of course the responsibility for dloca- 
ting the necessary funds ultimately rests 
with the Government.’ The planning of 
the programmes of research, however, 
‘rests with research councils or committees 
who ^e not themselves State servants 
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but distinguished representatives of pure 
science and industry*, this work being 
mainly in the hands of the Advisory 
Council of the Department of Scientific 
and Industrial Research. Similar research 
organizations under the control of Research 
Councils or corresponding bodies, which 
have been set up in Canada, Australia, 
New Zealand and South Africa, are 
resp)onsible for the rapid scientific and 
industrial developments in these dominions. 

National Research Council for India: The 
late Lord Rutherford in discussing the 
development of industrial research in 
Great Britain remarked: 

‘Even in a large country like India, where 
the resources and needs of the different 
Provinces are very varied, it seems to me 
essential for efficiency that the organization 
of research should be on national rather 
than on provincial lines. The setting up of 
separate research establishments for similar 
purposes in the various provinces cannot 
but lead to much overlapping of work and 
waste of effort and money. Such a central 
organization of research does not neces¬ 
sarily mean that the scientific work should 
all be concentrated in a single laboratory.’ 
If research work is to be of real and lasting 
value it must be carried out in the interests 
of the country as a whole and not of any 
particular province or area. As was well 
summed up in a leader in Nature^ ‘This 
necessitates careful planning and co¬ 
ordination of various schemes for research 
in all branches of science, whether pure 
or applied. In formulating the future 
policy, India should profit by the ex¬ 
perience of Canada and Australia where 
the working of the scientific departments 
of the State or Provincial Governments 
ois^orms those of the Central or Federal 
Government has shown that the research 
organizations of the country should be 
truly national and respcmsible to the 
Federal Government alone. The detailed 
pla nning of research must be in the hands 
of those with the necessary specialized 
knowledge, and they must be able to 
^act without suspicion of political or racial 


influence.’ In other words, a plea is made 
for the foundation of a National Research 
Council in India on the lines of the body 
which ever since its constitution has been 
rendering such useful service in Great 
Britain. The Council should not only 
define the policy but act as an expert 
advisory body for planning and co¬ 
ordinating all scientific research in the 
country. The planning of scientific policy 
and co-ordination of research should be 
so arranged as to preclude duplication and 
avoid wastage of talent and available 
funds, but without in any way restricting 
the normal work of the universities, 
scientific departments and institutions, or 
in any way curbing individual initiative 
which is always so essential for high 
class research. Such an authoritative body 
should also be able to help in bringing 
about the necessary reforms in the existing 
system of scientific education. The Council 
should be liberally endowed so as to be 
independent of annual appropriations for 
carrying out all its programme of work. 

Scientife and Industrial Research: Pure scienti¬ 
fic research is as essential as that specifically 
devoted to the attainment of any industrial 
object. While industrial resarch is con¬ 
fined specifically to investigations which 
have a direct bearing on the development 
of any industry, it would be a truism to 
assert that discoveries made in the domain 
of pure science may and often find appli¬ 
cation in industries at a later date, and 
that ‘industrial application, though its 
precise form cannot always 1^ foreseen at 
the time, has come to be an expected 
incident in the after-life of the discovery’. 
This principle is fully accepted in the 
b^hly oiganized machinery for industrial 
research in the United States of America, 
and as a result a great deal of importance 
is attached to researches in pure sciences. 
The connection of such researches with 
any of the industries is often not obvious, 
but all the same they are encouraged in 
the hope that they may provide the raw 
material for industrial research, and further 
owing to the interdependence of different 
investigations, progress in any one science 
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may have a very marked bearing on the 
development of others. Industrial research 
work in the United States of America, 
according to Flemming, has developed 
along certain definite stages: 

(а) Indijstrial research appUed to the elimination of 
manufacturing troubles. 

(б) Research having some new and specific com¬ 
mercial object. 

(c) Research m pure science with no specific com¬ 
mercial application in view. 

(d) Research apphed to public service. 

(e) Research for the purpose of establishing standard 
methods of testing and standard specifications 
connected with the purchase of raw materials. 

Research laboratories in the States are 
attached to or supported by manufacturing 
corporations, associations of manufacturers, 
universities and colleges, national insti¬ 
tutions, commercial laboratories and 
scientific societies. 

Apart from numerous endowments and 
appropriations made for research to various 
universities, colleges and Government 
departments, there are in the States a large 
number of funds that have been estab¬ 
lished for the endowment of scientific 
research alone. Though a number of them 
are fer the {nomotion of industrial research, 
others were foimded for providing the 
necessary funds for medical, astronomical 
and general research in other sciences. In 
1917 a National Research Council was 
appointed by the National Academy of 
Sciences at the request of the President 
of the United States. This Council includes 
the most prominent research men in the 
States and all departments of research are 
fully represented. Its object is to co¬ 
ordinate the scientific research work of the 
coimtry in order to secure efficiency in the 
solution of the problems of war and peace, 
and this Council has rendered possible 
the nationalization of research in the 
country. Selection and training of research 
men have also been given special attention 
to, and it has been found that ‘while full 
credit should be given to the genius who 
can often achieve so much with very 
limited facilities, it is a fallacy to assume 
that research work of great value cannot 


be carried out by men of no more than aver¬ 
age attainments. This is illustrated by the 
success achieved in many of the laboratories 
in the States, where, with suitable orga¬ 
nization, important investigations both 
directly connected with industry and in 
pure science have been successfully dealt 
with by men of no more than average abi¬ 
lity working under competent direction’. 

Industry has rightly been styled as the 
basis of national prosperity, and it is, 
therefore, necessary that every resource 
should be used to facilitate its progress In 
this connection research is of the utmost 
importance and it must be regarded as an 
indispensable weapon with which to 
develop industries of any country and to 
cope with international competition. 

The National Planning Committee which 
has been working in Bombay for the past 
several months is collecting detailed data 
in regard to industrialization of the country 
in all its aspects and other national 
problems, and it is hoped that its work 
would prove valuable in laying down the 
lines for future development in the country. 

Concluding Remarks: I have given you a 
bird’s-eye view of the organization and 
development of scientific research and 
studies in India up to the present day, and 
of the lines followed in Great Britain for 
the organization and development of 
scientific research, both pure and applied, 
the latter with particular reference to the 
needs of industry and the life of the people. 
I have also incidentally referred to the 
development of similar machineries in 
Canada, Australia, New Zealand and 
South” Africa, and, finally, to the highly 
organized system in the United States. 
On the analogy of these great industrial 
countries, I give below the outlines of a 
scheme for developing a similar organiza¬ 
tion in India to plan and co-ordinate 
research so as to avoid wastage both of 
talent and funds, preclude duplication, 
employ the available scientific personnel 
to the best advantage, and, finally, to 
arrange for the training of a much larger 
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number of research personnel to supply 
the needs of the developing industry. 

Starting from the top I consider it ab¬ 
solutely essential that there should be a 
separate department of the Central 
Government corresponding to the Depart¬ 
ment of Industrial and Scientific Research 
in Great Britain. It should be staffed by 
scientists with administrative experience 
and not by civilian administrators; and 
this I consider to be the absolute sine-qna- 
non of the whole scheme. Civihan adminis¬ 
trators, though they are admirably suited 
to carry on the civil and military side of 
the Government, have unfortunately 
seldom realized the exact needs of Science 
in the country, and as a result the pro¬ 
gress of Science in India has been 
materially slowed down, if not actually 
hindered. The Department should have 
an Advisory Council, the National Re¬ 
search Council, constituted on the lines 
of the Research Councils of other countries 
for planning and co-ordinating research, 
to promote and develop not only scientific 
but industrial research in the country, and 
finally for devising ways and means to 
make India independent, so far as possible, 
of fore^ imports by a well-planned survey 
and development of its economic resources. 
It is (mly then that it would be possible 
for this country to assume its right place 
among the industrially developed countries 
of the world. With a view to harnessing 
Science in the ser\’ice of Industry, the 
proposed Department and its Advisory 
Council will also have to explore ways 
and means for extending the existing 
machinery of scientific education in the 
country, from the school to the university 
stage, develop applied scientific training 
and research, and finally to see that 
resesat^, whether in pure or appUed 
sdences, is undertaken vrith a definite end 
in view and not only as a means for self- 
glorification. 

I have only given the broad outline of the 
scheme, as I am of the opinion that its 
details can only be evolved after careful 
consideration of the pros and cons by an 


expert committee on which all elements 
of science and industry in the country are 
fully represented Let us hope that this 
scheme will commend itself to the Govern¬ 
ment and that steps will be taken at a very 
early date to bring into being such an 
agency; this alone will enable the country 
to steer a safe course in the face of the 
Armageddon which is now threatening 
the world. 

Indian Flora, its Medicinal and Toxic 

Properties 

Medicinal and Poisonous Plants: For the past 
twenty years I have been interested in the 
Indian flora in connection with the 
medicinal and toxic properties of the 
different plants and I propose to present 
to you some of the aspects of this work 
which are of interest both from the 
scientific and economic points of view. I 
have selected this subject as owing to the 
outbreak of the war, the question of the 
supply of medicinal drugs in this country 
has assumed considerable importance, eind 
I feel that a review of this work may help 
at least towards a partial solution of this 
vital problem. Further, the significance 
of the large numbers and wide prevalence 
of the plants toxic to man, livestock and 
insects has not so far been fully appre¬ 
ciated in this country, and I hope that 
this review will stimulate interest in this 
directicm. Vast as the vegetable resources 
of this country are, I am convinced that 
they are not being properly exploited to 
the best advantage of the people of this 
land. 

General Considerations 
Climate and topography: The extreme vari¬ 
ability that India presents in its meteoro¬ 
logical and climatic conditions as also 
in its topographical features is perhaps 
unrivalled in die world. The tremendous 
range of variation of temperature from 
126°F in summer at Jacobabad to —46®F 
in winter at Dras and the prevalence of 
arctic conditions throughout the year in 
some of the Himalayan ranges, rainfall 
from 430 inches at Gherrapunji in the 
hills of Assam to less than 5 inches per 
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annum in the desert areas of Rajputana, 
saturation of air with moisture in the 
coastal districts and in the hills during the 
south-west monsoon to periods of practi¬ 
cally zero relative humidity in the dry 
weather during the north-east monsoon, 
are some of the interesting contrasts pre¬ 
sented by the country. No less striking 
are its physical features. It has the most 
massive and the loftiest range of mountains 
in the world, the Himalayas; there are 
also lower hills and plateaus, extensive 
rich alluvial plains, sandy wastes and 
deserts, hill streams, mighty rivers with 
their extensive deltaic and estuarine sys¬ 
tems, numerous lakes, canals, ponds, tanks 
and extensive marshy tracts, sandy or 
rocky coasts spread over an area of 
1,575,107 square miles. It has in fact 
been described as an epitome of almost 
all climates, seasons, and soils of the 
British Empire. Under these conditions 
it is not surprising that India has one 
of the richesmmd certairly the most 
varied flora of S^jn^^ea of similar size on 
the surface of the ^obe. 

Features of Indian Vegetation: Roughly 
speaking, one-fiflh of tihe Indian Empire 
is occupied by forests of different kinds. 
There are evergreen forests occupying the 
west coast of the Peninsula up to the 
ridges of the western mountain chain, and 
the lower slopes of the Eastern Himalayas, 
with their magnificent and majestic trees, 
the *sky scrapers’, and the Carnatic ever¬ 
greens characterized by the comparatively 
smaller size of their trees. A large part 
of the Peninsula is covered by the decidu¬ 
ous type of forests which are very valuable 
to the country. There are the dry forests 
of Rajputana and the Punjab which are 
also spread over a large area of Indian 
States; these become drier and drier 
towards the west and south-west and 
disappear into the deserts on both sides 
of the lo\wr Indus; there being very little 
vegetatioil of any kind in the Great Indian 
Desert itself. Many tidal creeks and back¬ 
waters along the coasts of India, chiefly 
the deltas of rivers, such as the Sundribans 
are covered with another type of ever¬ 


green forest, the tidal or littoral, where 
many plants send up from their under¬ 
ground roots a number of aerial roots 
for respiration The massive chain of the 
Himalayas with its tropical, temperate 
and alpine flora presents unique features. 
The eastern Himalayan flora differs re¬ 
markably from the western in several 
respects in addition to the disappearance 
of the tropical type as the extreme north¬ 
west is reached. It is in this chain that 
the highest limit of vegetable life on 
earth has been recorded. The tree limit 
in the Western Himalayas corresponds 
roughly with the snow-line, i.e., 12,000 ft. 
above sea level, above which a variety 
of beautifully coloured flowers flourish. 
Aquatic or semi-aquatic types of vegeta¬ 
tion are found in the tanks, jhils, ponds, 
water-courses, and swamps all over India, 
particularly in Bengal. Lastly, there are 
areas in the plains, as well as in the hills, 
especially in the former, which have, 
through the influence of man in search 
of more and more agriculturally 
exploitable land, lost much of their 
original characters. Another feature of 
the Indian vegetation is that in one 
season of the year vast areas in the plains 
of India are the scene of plenty for man 
and animals; in another they become 
a dreary brown sunburnt waste where 
herbivores starve by the thousands and 
where it passes human understanding how 
any creature dependent on plant life can 
survive the dry season. 

Relationship to other floras: The Indian flora 
is closely related to that of some other 
countries, and it is interesting to remark 
that 'Rone of the famiUes of flowering 
plants is peculiar to this country. There 
is a very great preponderance of those 
genera and species which are also found 
in the adjacent countries. Malayan, 
Burmese and Chinese genera are specially 
well represented in Eastern India. Next 
in order come European and middle east 
floras which are particularly strongly re¬ 
presented in Western India, and of the 
typically European elements there are 
twice as many in the Western as in the 
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Eastern Himalayas. Nearly 600 European 
genera are represented in India, many 
of them by a single species, and the 
middle eastern element is certainly, as is 
to be expected, no less prominent. African, 
Australian and American elements follow 
these in decreasing proportions, the 
African flora being more noticeable in 
Western India. Recently there has been 
an influx of American species, with their 
remarkable tendency to spread. Tibetan 
and Siberian floras only reach India in 
the alpine regions of the Himalayas, while 
Chinese and Japanese elements are strong¬ 
ly represented in its temperate belts. 

Medicinal Plants of India 
General: India abounds in all kinds of 
food plants, spices, perfumes, timber, 
fibres, gums, etc,, which have been known 
all over the world from ancient times 
There are more than about 700 important 
fodder plants including about 260 species 
of valuable fodder grasses It is not sur¬ 
prising, therefore, that plants containing 
active and medicinal principles also grow 
abundantly within its bounds. More than 
2,000 plants, out of a total of about 
11,000 species found in India, are alleged 
to have medicinal properties of some 
description or other and have been 
enumerated in the literature of indigenous 
medicine. Nearly three-fourths of the 
drugs mentioned in the British and other 
Pharmacopoeias grow here in a state of 
nature and others can be easily grown. 
Indeed, this country is a veritable empo¬ 
rium of drugs. The femilies to which the 
larger numbers of medicinal plants belong 
are Leguminosae, Compositae, Labiatae, 
Euphorbiaceae, Rubiaceae, Rosaceae, 
GrEunraeae, LUiaceae, Rutaceae, Ranu- 
nculaceae, Umbelliferae, Gucurbitaceae, 
Solanao^te, Apocynaceae and Malvaceae. 

It stands to reason that all these 2,000 odd 
plants cannot have the wonderful virtues 
attributed to them, but it is believed 
that there are some of these which might 
rightly deserve the reputation they have 
earned as cures. It was to find out what 
were that their study was first begun 


in the early part of the last century. 
Although many workers including 
Jones, Ainslie, Roxburgh, O’Shaughnessy, 
Moodeen Sheriff, Dymock, Watt, Kirtikar 
and Basu and others carried out laborious 
investigations, the pharmacology of most 
of the indigenous remedies remained an 
unexplored field till recent years. 

Medicine is intimately related to chemistry 
and experimental work on the pharmaco¬ 
logical side can only be carried out in 
laboratories properly equipped with 
modern appliances. None of these were 
available in this country till the Calcutta 
School of Tropical Medicine was esta¬ 
blished in 1921. Then for the first time 
proper collaboration between chemists, 
botanists and pharmacologists was render¬ 
ed possible, while arrangements for clinical 
trials of the drugs were made by the 
establishment of the Carmichael Hospital 
for Tropical Diseases. Work on medicinal 
plants was thus started by my colleagues 
and myself and our first main objective 
was to make India self-supporting by 
enabling her to utilize drugs produced 
in the country and by manufacturing 
them in a form suitable for administra¬ 
tion. There are a number of drugs of 
established therapeutic value which are 
in use in the pharmacopoeias of different 
countries. The majority of these grow wild 
in great profusion in many parts of India 
and a certain number are even cultivated. 
If these resources could be utilized and 
the finished products manufactured, treat¬ 
ment of many diseases could be brought 
within the means of the Indian masses 
whose economic condition is unfortunately 
of a very low order. 

A number of important drugs, extensively 
used by the mescal profession, however, 
are neither found wild nor have so far 
been cultivated in India. Cultivation of 
such drugs is very important from an eco¬ 
nomic point of view, and scientific re¬ 
search in this direction, as is being carried 
out in other countries, would be very 
fruitful. It is a matter of regret that India 
is still importing large quantities of crude 
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drugs in spite of the fact that practically 
every conceivable pharmacopoeial drug 
can be grown within her bounds. The 
history of the cultivation of cinchona, 
eucalyptus, digitalis, etc. in India clearly 
shows that the cultivation of medicinal 
plants is pregnant with rich possibilities 
if taken up on proper lines. It is gratifying 
to note that more and more interest is 
now being taken in this direction. A list 
of medicinal plants which might with 
advantage be cultivated has been prepared 
and is available for those interested in 
such development. 

Remedies used in Indigenous Medicine: Our 
second objective has been to discover 
remedies from the claims of Ayurvedic, 
Tibbi and other indigenous resources suit¬ 
able for employment by exponents of 
Western medicine. Since the period of 
decay and resuscitation of old systems of 
Indian medicine, many of the effective 
remedies have been lost while a number 
of uncertain ones have crept in. Belief 
in their efficacy originates in some cases 
from the teachings of the ancient com¬ 
mentators and is based on clinical data, 
but in others has no foundation whatever. 
Neariy two hundred medicinal plants 
have been investigated in our labora¬ 
tories and some of these have been 
shown to be of practical utility. Apart 
from this, the negative value of such 
investigations should not be lost sight 
of. Whatever the merits or demerits of 
the indigenous systems may be, it should 
be remembered that they minister to the 
needs of nearly 80 per cent of the popula¬ 
tion of this vast country. It is, therefore, 
the primary duty of any research organiza¬ 
tion existing in this country to evaluate 
their effectiveness and practical utility. 

Collection of drugs: A few words may be 
said here with regard to the time of 
collection of drugs. During the last twenty- 
five years several drugs of Indian origin 
have assumed considerable importance 
from the point of view of foreign trade. 
Many firms of drug manufacturers in this 
country also use the locally produced raw 


materials for the manufacture of the 
finished products. It is a matter of very 
great concern, therefore, that the crude 
drugs collected locally are often not up 
to the required standard and this has 
resulted in considerable economic loss 
Fortunately, this state of affairs is being 
gradually rectified but I cannot let this 
opportunity pass without reiterating that 
collection of drugs is not so simple a 
matter as most people seem to imagine. 
Collectors of medicinal drugs growing in 
a state of nature, and the present and 
prospective cultivators should bear in 
mind that there are certain factors which 
have to be considered in order to obtain 
the standard product. There is a good 
deal of variation in the active principles 
in the different parts of a plant and in 
different seasons in the same part of the 
plant. Even the same part and at the 
same time of the year shows remarkable 
variations in the contents of its active 
principles; for example, the young and 
the old leaves of a plant and un¬ 
opened and opened flowers differ mate¬ 
rially despite the fact that they are 
collected from the same plant and during 
the same season. The soil also has an 
important influence on the active prin¬ 
ciples of plants. I have often observed in 
the course of my work that plants collected 
at the proper time, when the active 
principles have reached maturity and are 
at their maximum, give very effective 
results while the same plants when collect¬ 
ed under other conations are utterly 
useless. Conditions for the collection of 
drugs in the case of plants under cultiva¬ 
tion are more favourable and strict con¬ 
trol over various factors can be exercised 
with greater case than is the case with 
plants growing in a state of nature. It 
has, however, to be admitted that ideal 
conditions for the collection of even many 
of the common and important medicinal 
plants are not known with precision, and 
research is urgently needed to determine 
the time when the active principles are 
at their maximum under the environ¬ 
ments existing in this country, as was 
done by the Dutch in Java in the case of 
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cinchona. If this could be systematically 
carried out, India could supply the whole 
of the world with medicinal ‘herbs.’ 

Poisonous Plants 

General consideration and loss to India: 
Intimately connected with the study of 
medicinal plants is the problem of poison¬ 
ous plants, but till recently little attention 
has been paid to this study in this country. 
They contain chemical constituents which, 
if introduced into the body of an animal 
in relatively small quantities, act deleten- 
ously and may cause serious impairment 
of bodily functions or even death. They 
injure the basic live principle, the proto¬ 
plasm, of the cells of which the animal 
body is built up. They are ordinarily 
called poisonous plants, and apart from 
the utilization of their potent properties 
in the treatment of diseases to alleviate 
the sufferings of man and animals, there 
appears to be no doubt that they are a 
source of great menace in India through 
poisoning of livestock. 

Poisoning of livestock: We are concerned in 
this country with the welfare of 360 
millions of human beings, as well as with 
that of roughly 220 millions of the bovine 
population out of a total of about 730 
millions in the whole world. Even in its 
present unsatisfactory condition, the cattle 
industry contributes roughly about 10,000 
million rupees to the annual agricultural 
income of 20,000 million rupees of this 
vast country. The importance of plants 
which are poisonous to livestock will thus 
be readily understood. It is a matter of 
regret that no systematic attempt has been 
made in India so far to investigate these 
plants (m scientific lines with a view to 
devisng means whereby this menace could 
be controlled. It is also unfortunate 
that no figures are available of the loss 
sufiered by India through poisoning of 
livestock by this agency, but it may be 
interesting here to give the example of 
two States, Montana and Colorado in the 
United States of America, wMeh may give 
us some idea of the possible damage. In 
.<&at area it has been estimated t^t the 


loss inflicted to the livestock industry by 
plant poisoning is in the neighbourhood 
of 220 million dollars annually. This is 
a very high figure considering that the 
size and extent of these States as com¬ 
pared with India is less than one-sixth, 
and also considering the fact that the 
knowledge regarding the poisonous plants 
there is well advanced and preventive 
measures are practised. The conditions 
existing in India can be readily imagined. 

Study of Poisonous Plants: With a view to 
combating this menace, and as a natural 
corollary to the study of medicinal plants, 
the study of poisonous plants of India has 
been undertaken at the School of Tropical 
Medicine during recent years. This work 
has brought out some outstanding features 
of the problem which had not been 
hitherto appreciated in India. About 700 
poisonous species belonging to over 90 
families of flowering plants are known. 
The more important of these in their 
order of importance are Ranunculaceae, 
Euphorbiaceae, Leguminosae, Solanaceae, 
Compositae, Apocynaceae, Asclepiadaceae, 
Ericaceae, Liliaceae, Gramineae, Araceae, 
Anacardiaceae, Thymelaeaceae, Rosaceae 
and Rubiaceae. As in the case of medicinal 
plants, it does not mean that other families 
do not contain important poisonous plants. 
In fact there are several other families 
which have a few of the very potent 
species belonging to this group. The 
above list of the important families merely 
indicates that they contain the largest 
number of poisonous plants, so far as is 
known at present, with a further likehhood 
of containing plants with potent principles 
which are at present unknown. 

In the case of the majority of plants, 
poisonous properties are only suspected 
but have not been substantiated by 
chemical analyses and pharmacological 
experimentation. This is now being done, 
so &r as possible; preliminary chemical 
examinations of a large number of plants 
have been made and a monograph on 
the subject is now in press. A thorough 
and comprehensive study of all these 
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plants, however, would mean sustained 
work for many years and perhaps for 
several generations. In the present work 
we are getting together all the informa¬ 
tion, botanical, chemical and pharmaco¬ 
logical, with detailed references to the 
literature. This monograph, when com¬ 
pleted, should serve as a basis for further 
work on these plants, the importance of 
which from an economic point of view 
cannot be overrated. Increased knowledge 
with regard to their distribution and the 
nature of active principles responsible for 
poisoning is the first step towards con¬ 
trolling this problem by taking preventive 
measures. 

Insecticidal and insect repellent plants: Another 
aspect of these plants wldch will repay 
study concerns those which have insecd- 
ddal and insect repellent properties. Losses 
inflicted upon In^a by insects are enor¬ 
mous and at a moderate estimate are 
calculated at 2,000 million rupees annually 
and over a million and a half of human 
lives. Efiective defence against these 
enemies of social and economic progress 
should materially reduce this enormous 
wastage and fac^tate national develop¬ 
ment. The finding of cheap insecticides 
for the diverse needs of agriculture, 
destruction of household pests, prevention 
of vectors of such diseases as malaria and 
many others borne by insects, commen¬ 
surate with the limited means of the great 
masses in India, are important pioblems 
to which little attention has been paid till 
recently. Vegetable insecticides are prefer¬ 
able to mineral ones, as these are less 
deleterious to man and other warm¬ 
blooded animals generally, and as they 
are also less harmful from the point of 
view of agriculture. Lists of the possible 
insecticide and insect repellent plants 
growing in India, and of reputed fish 
poisons some of which may also act as 
insecticides have been prepared. 

Herbartom of Medicinal and Poisonous 
Plants 

One of the chief difiiculties in connection 
with our work on medicinal and poisonous 


plants has been the proper identification 
of the material to be investigated. I'hc 
descriptions of plants given in the litera¬ 
ture on indigenous medicine are meagre 
and vague and this has resulted in con¬ 
siderable confusion. Many drugs are sold 
under different names, different drugs 
under the same name, and even the 
learned Kavirajs and Hakims cannot say 
with certainty which species are meant 
in the old text-books. No authentic speci¬ 
mens of even the well-known remedies 
were ever collected and preserved by the 
exponents of indigenous medicine and no 
actual comparison is possible. Even with 
the great advances in systematic botany, 
expert botanical identification is not in¬ 
fallible and the botanists also sometimes 
prefer to disagree. Publications of recent 
botanical monographs show, how with the 
advance of knowledge our conception of 
species has varied. Descriptions alone are 
not always sufficient for settling disputed 
questions and recourse to actual speci¬ 
mens is often absolutely necessary. It is 
very important, therefore, to preserve 
specimens of ^ plants submitted for 
investigation, so that these may be avail¬ 
able for reference in case any doubt as to 
their identity arises at a later date. Some 
of the chemical and pharmacological work 
done on these plants has been vitiated by 
carelessness in identification. With a view 
to combating this state of affairs it was 
considered desirable to collect authentic 
specimens of all the plants with alleged 
medicinal or toxic properties and after 
proper identification preserve them for the 
purpose of comparison. This work has 
progressed and it has been possible to 
collect 6,000 specimen sheets of about 
1,600 species. About 900 species have yet 
to be obtained to complete the collection 
of aU the known medicinal and poisonous 
plants growing in India. As most of the 
more easily available plants have been 
obtained, the collection of the remainder 
is becoming more and more difficult but 
the work is being continued. When this 
is accomph'shed, this collection wifi, be the 
first of its kind in India, and should be 
an asset both from the scientific and eco- 
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nomic points of view. The present collec¬ 
tion will, it is hoped, form the nucleus for 
a national herbarium of medicinal and 
poisonous plants. 

Survey of Medicinal and Poisonous Plants in 
India: A question of great economic 
importance is the working out of the 
distribution of medicinal and poisonous 
plants in this country. The distribution 
of many plants as described in literature 
is often vague and inaccuracies, which 
have crept in, have been passed down 
from one publication to another. To this 
may be added the fact that plants which 
were found in a particular locality some 
years ago often do not occur there at 
the present day. The influence of man in 
changing forests into agricultural lands 
and sometimes again abandoning them 
to the care of nature, together with the 
competition of plants amongst themselves 
is materially responsible for the change 
in the floras of various areas. For this 
reason we started the stock-taking of the 
present distribution of medicinal and 
poisonous plants to work out, as exactly 
as possible, the present areas of their 
distribution. All the available literature is 
being consulted and herbaria all over 
India are being scrutinized. Personal visits 
are being paid to different parts of India 
determine the areas of abundance of these 
plants growing in a state of nature. The 
work under this head is very extensive 
when It is remembered that it deals with 
about one-fifth of the total number of 
plants found in India, but this is the only 
way of estimating with any degree of 
accuracy whether a certain plant grows 
well and in abundance or is scarce m a 
certain area. Valuable information is thus 
being collected, and this will be of 
practical value to those interested in 
harnessing the natural resources of the 
country. This will also give indications 
of suitable localities for the cultivation of 
medicinal plants. 

From the point of view of poisonous 
plants also, this survey is of great practi¬ 
cal value, as once the occurrence of the 


harmful herbage in grasslands and other 
localities open to grazing for livestock are 
mapped, it should be possible to adopt 
measures for the protection of livestock 
against the menace of poisoning. 

Correlation of botanical classifica¬ 
tion OF PLANTS, THEIR CHEMICAL CONSTI¬ 
TUTION AND THEIR PHYSIOLOGICAL 
PROPERTIES 

Active prinaple and new classification: With 
the advance of knowledge of the chemistry 
and pharmacology of plants, it appears 
to be certain that some correlation exists 
between the botanical classification of 
plants, their chemical constitution and 
physiological properties, and one is fre¬ 
quently struck with the remarkable re¬ 
semblance exhibited by closely allied 
plants in this respect. For example, if a 
particular chemical constituent is found 
in one member of the genus, there is 
considerable likelihood of the presence of 
constituents with identical or similar phy¬ 
siological properties in other members of 
the genus or of the family. This does not, 
of course, mean that such similarity will 
not be found m other families or genera 
just as particular taxonomic characters 
may be spread over widely different 
fa mili es and genera. An ideal classifica¬ 
tion of plants would be the one which 
in addition to satisfying botanical criteria 
broadly provides an index to the nature 
of their chemical constituents and phy¬ 
siological properties. With our existing 
knowledge this is not possible. The very 
fact that some of the families and genera, 
as at present understood, are quite homo¬ 
geneous in these respects, however, reflects 
a ray of hope that after all the problem 
is not so difficult as it appears at first 
sight. Considerable work on the chemistry 
of plants and the determination of the 
physiological properties of their active 
principles, however, will have to be carried 
out and thousands of new plants will have 
to be investigated before this is attained, 
or the attempt given up as hopeless. This 
should not, however, be understood to 
imply that I suggest that advances in the 
knowledge of chemistry and pharmaco- 
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logy should determine the botanical class- 
fication of plants. This is not possible, as 
such features cannot possibly serve as 
taxonomic characters. But I do hope that 
botanists, chemists and pharmacologists 
will collaborate in evolving a natural 
system of classification based on their 
combined efforts. 

Chemical Constituents: A brief review of the 
distribution of the more important and 
potent chemical constituents of the Indian 
flowering plants of widely different famihes 
and genera presents certain very interest¬ 
ing features. The alkaloids are distributed 
over about 40 famihes and there are a 
number of cases where the same alkaloid 
is found in closely allied genera and 
families. Thus, berberine has been re¬ 
corded from six different famili es and 
twelve genera. Ephedrine, on the other 
hand, furnishes an example wherein a 
particular alkaloid may be found in plants 
belonging to widely different groups; it 
has been found in Sida cordifolia Linn, 
of Malvaceae (a family belonging to 
Angiospermae) and in Ephedra of Gneta- 
ceae (a family belonging to Gymnos- 
pennae). Purines are found in three 
families. Hie glucoades form a large 
group and are much wider in occurrence 
than the alkaloids, occurring both in 
Dicotyledons and Monocotyledons; some 
of these are very toxic and occur in eight 
widely different families. Hydrocyanic acid 
yielding plants belong to ten families. A 
group of glucosides known as saponins is 
of very ■wide occurrence in the vegetable 
kingdom; saponins are known from at 
least 400 plants belonging to 50 different 
families occurring almost all over the 
world. Essential oils are of ■wide occurrence 
in the vegetable kingdom though certain 
families, such as Labiatae, Rutaceae, 
Umbelliferae, M^yrtaceae, Lauraceae, Cru- 
ciferae and Coniferae are especially rich 
in these substances. The seeds of numerous 
plants contain albumins, but it is interest¬ 
ing to note certain plants, such as Abrus 
precatorius Linn and Rictnus communis Linn 
belonging to very different families (Legu- 
minosae and Euphorbiaceae respectively) 


wherein the toxicity of these albumins is 
of a similar nature, both being essentially 
blood-poisons, and both similar in their 
immunity reactions if introduced into the 
body of animals in small and gradually 
increasing doses. 

I do not propose to go into further details 
of several other chemical constituents, nor 
even of such toxic complexes as resins, 
phenolic compounds, etc. The few exam¬ 
ples cited provide sufficient e^vidence in 
support of the now well-established theory 
of organic evolution, I repeat that there 
is a method in their occurrence; in several 
cases it is due to their descent from 
common ancestors while in others it is 
a result of parallel evolution. The facts 
described above cannot be explained on 
any other basis. 

Examples of correlation: I will now cite a 
few examples of some families and genera 
to show the marked resemblances between 
their botanical, chemical and pharmaco¬ 
logical aspects. Unless definitely proved 
as harmless it is adidsable, frr instance, 
to regard all members of Ranuuculaceae 
as potentially poisonous, especially when 
fresh, both for human beings and live¬ 
stock Poisonous, acrid, vesicant, purga- 
nve and narcotic properties prevail m 
varying degree throughout the family. 
Species of Anemone, Caltha, Clematis and 
Ranunculus contain the lactone anemonin 
which has blistering properties. Most of 
the Aconites contain highly poisonous 
alkaloids which act mainly on the sensory 
nerves and on the medulla which they 
depress and ultimately paralyse. Species 
of Delphinium are used for the destruction 
of vermin and contain toxic alkaloids, 
some of which appear to act like aconi¬ 
tine, while others paralyse the motor 
nerves. Alkaloids are also known to occur 
in the genera Coptis, Helleborus, J^igella, 
Isopyrum and Paeonia. Adonis and Helleborus 
contain glucosides with a digitalis-like 
action. Saponins are found in the genera 
Clematis, Ranunculus, Nigella and Cimidfuga. 
Gyanogenetic compounds have been re¬ 
ported from some of the members of the 
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family and the Indian representatives from 
which these principles have been reported 
belong to the genera Clematis, Aquilegia, 
Isopymm and Ranunculus. Seeds of Annona 
of Annonaceae have insecticidal properties 
and are powerful irritants of the con¬ 
junctiva. Several species of Berberis contain 
active principles poisonous to fishes and 
dogs. Many species of Papaver have a 
juice with narcotic properties and contain 
powerful alkaloids. Narcotic properties are 
also possessed by some other members of 
the family Papaveraceae, e.g., Mecompsis. 
Most Crucifers have pungent juices and 
many have glucosides m their seeds and 
produce very irritant essential oils; they 
possess stimulant properties. Several plants 
of Garyophyllaceae contain saponins. The 
family Rutaceae is characterized by the 
presence of essential oils some of which 
are toxic. Many plants belonging to 
Sapindaceae have saponins and a number 
of them are well known as fish poisons. 
Anacardiaceae are usually provided with 
more or less acrid resinous, sometimes 
milky juices; very many species of this 
family possess astringent properties. Plants 
of no less than twenty-seven genera of 
Leguminosae possess insecticidal or pisci- 
cidal properties. The poisonous properties 
of Rosaceae are generally due to the pre¬ 
sence of cyanogenetic compounds. The 
presence of powerful bitter and purgative 
principles is the prevailing characteristic 
of the wild members of Gucurbitaceac. 
Aromatic members of Umbelli ferae are 
usually carminative, while the non¬ 
aromatic members are often acrid and 
narcotic and should be taken with care. 
Alkaloids with similar physiological pro¬ 
perties are the outstanding constituents 
of the genus Cinchona. Lobelias belonging 
to Campanula<^ae yield an intensely acrid 
iffilky juice and the dust of the powdered 
herf^ irritates the nostrils in the same way 
as tobacco; they contain alkaloids. Rhodo¬ 
dendrons mask, under the beauty of their 
flowers, very fatal active principles and 
the family Ericaceae to which they belong 
contains several insecticidal plants; the 
tmdc substance androtnedotoxin is very 
oommon in this fitpiily. Apocynaceae in¬ 


cludes several plants which are highly 
poisonous, the properties of most of them 
being due to glucosides with a digitahs- 
like action and physiologically active alka¬ 
loids. Many species of Asclepiadaceae 
contain acrid, bitter and poisonous juices. 
The genus Strychnos is rich in alkaloids 
which are violent tetanic poisons. Many 
species of Gonvolvulaceae have an acrid 
taste and contain active purgative prin¬ 
ciples. Mydriatic alkaloids such as atro¬ 
pine, hyoscine and hyoscyamine are found 
in several species of Solanaceae while the 
glucosidal alkaloid solanin is found in 
many Solanums and some other genera 
as well; a very large number of wild 
plants of this family are poisonous Labia- 
tae is very uniform in the possession of 
essential oils, several of which are of 
medicinal value as carminatives and sti¬ 
mulants. Toxic resins are reported from 
a number of species belonging to Thy- 
melaeaceae and animals avoid eating 
them. Several species of Euphorbiaceae 
contain more or less acnd and irntant 
juices and several species of Grotons con¬ 
tain highly irntant toxalbumins and are 
drastic purgatives. Urticating principles 
are found in four Indian genera of 
Urticaceae. The alkaloids ephedrine and 
pseudoephedrine are found in a number 
of Ephedras. Goniferae are characterized 
by containing essential oils which produce 
gastro-intestinal irritation and sometimes 
ulceration. Several species of Dioscorea- 
ceae contain an acrid juice in their tubers 
and some are even poisonous. Qjuite a 
number of species of Araceae contain 
raphides of calcium oxalate and acrid 
juices; a number of these plants, if eaten, 
especiailly when in fresh condition, pro¬ 
duce symptoms of irritant poisoning. Some 
of the Gramineae, especially when young, 
wilted or under drought conditions pro¬ 
duce hydrocyanic acid and are fatal to 
livestock; no alkaloid has so far been 
isolated from members of this family. 

Many more examples could be cited, but 
the brief review of the relationship which 
seems to exist between the botanical 
classification and the chemical and phy- 
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siological characteristics of raedicinal and 
poisonous plants should prove sufficient to 
show that in many of the families and 
genera these characteristics show a marked 
degree of correlation. I do hope that 
further work will produce increasing 
evidence of this relationship. The botani¬ 
cal characters, chemical constituents and 
proi>erties exhibited by plants are all the 
results of organic evolution and a natural 
classification must embrace all these three 
aspects. There is, however, an element 
of disturbance m the case of plants. Cli¬ 
mate, seasons, soil, cultivation, etc., have 
profoundly affected their chemical 
composition and hence their physio¬ 
logical characteristics, and it is for this 
reason also that closely related plants 
differ in their pharmacological pro¬ 
perties. 
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The above brief review of our work on 
the medicinal and poisonous plants, the 
difficulties encountered and partially over¬ 
come, and indications in regard to their 
utilitarian and scientific aspects, will, I 
hope, stimulate interest in this subject 
which is of considerable economic im¬ 
portance to the country, particularly 
at the present juncture. Collaboration 
between botanists, chemists, pharmacolo- 
logists and agriculturists in work of the 
type indicated in a country such as 
India, with all extremes of meteorological, 
climatic and topographical features re¬ 
sulting in very varied and luxuriant floras 
of all types is pregnant with possibilities 
which should not only be of very great 
scientific and academic interest but also 
prove of great practical importance to the 
country from the economic point of view. 


I 



ORGANISATION OF PUBLIC HEALTH AND MEDICAL 
SERVICES m INDU 

R N Chopra 

{delivered at Benares, 1941) 


Development of research: In my Address last 
year I briefly discussed the organization 
and development of scientific studies and 
research in India and incidentally referred 
to the organizations which had been 
started for the development of scientific 
research in Great Britain, various British 
Dominions and the United States of 
America. On the analogy of these orgam- 
zations in some of the most highly deve¬ 
loped industrial countries, I suggested 
the outlines of a scheme for developing 
and co-ordinating scientific research in 
India so as to employ the available talent 
and funds to the best advantage and, 
finally, to train a much larger and ade¬ 
quate research personnel for supplying 
the needs of various industnes. It is 
unfortunate that nothing hke a com¬ 
prehensive scheme for the development 
and co-ordination of scientific resources 
and research in the country has been 
taken up so far. The outline of the scheme 
su^ested in my Address last year was 
for a body which could draw up a com¬ 
prehensive plan of scientific and industrial 
research, mobilize all available talent in 
the country by alloting problems to 
scientists and institutes best suited for 
their solution, provide necessary research 
facilities and adequate grants, and finally 
deal in extenso with all scientific and indus¬ 
trial problems of the entire country. This 
alcme could result in the industrial deve¬ 
lopment of the country on a scale which 
would make it possible for India with 
its untold wealth of raw materials to 
become independent, so fer as possible, 
of foreign imports, and provide for its 
scientists the opportunities of carrying out 
work of real service to the country. Owing 
to the stress of war conditions and the lack 
of fiinds for the necessary capital outlay 
which such a scheme would involve no 


comprehensive scheme has been evolved, 
but the establishment of a Board of 
Scientific and Industnal Research by tbe 
Central Government is a move in the 
right direction. 

Board of Scientific and Industnal Research: 
This Board has been instituted by the 
Government of India for an mitial term 
of two years in the first instance. It has 
centralized responsibility, created a direct¬ 
ing agency, and a sum of 5 lakhs of rupees 
has been placed at its disposal for sub¬ 
sidizing research. The sum is extremely 
inadequate and is a microscopic quantity 
compared with the large sums spent in 
Europe and America on Scientific and 
Industrial Research. One of our dis¬ 
tinguished Fellows, Dr S S Bhatnagar, a 
well-known chemist, has been appointed 
as its first Director, and the Government 
Test House, Alipore, Calcutta, has been 
placed under his charge for carrying on 
direct research on problems not assigned 
to other institutions or scientists. It is to 
be hoped that this institution will soon 
develop into the National Chemical and 
Physical Laboratories, each under its 
own Director, and be able to deal with 
the multifarious problems connected with 
industrial research in the country. The 
Board has carried out an initial survey 
of the industrial research activities in the 
country, and work has already been 
started in various centres on a number of 
urgent problems. With the concurrence 
of the Government, the Board has ap¬ 
pointed six Research Committees to deal 
with problems connected with vegetable 
oils, fertilizers, drugs, plastics, sulphur, 
and scientific instruments. In addition 
six exploratory committees for investigating 
possibilities of research in connection with 
the graphite, carbon and electrodes. 



RN CHOPRA 


85 


molasses, glass and refractories, vegetable 
dyes, fuel and cellulose have also been 
appointed Grants-in-aid amounting to 
about 3 lakhs of rupees were sanctioned 
in the first meeting, and further schemes 
for grants-in-aid are under consideration 
by the Board 

Drug control in India: Drug production and 
drug trade have been entirely uncontrolled 
in the country so far. That both the 
mzinufacturers and the consuming public 
have suffered from the lack of such a 
control had been patent to all concerned, 
but the exact position was not realized 
till the Drug Enquiry Committee under 
my direction submitted its detailed report 
in 1931. After 9 years the Drugs Act was 
passed by the Government of India in 
1940. This Act is intended to regulate the 
import, manufacture, distribution and sale 
of drugs, and should materially help in the 
development of the drug industry in this 
country along right lines. It provides for 
the formation of a Central Drugs Technical 
Advisory Board and of a Drugs Consulta¬ 
tive Committee representing the different 
Provincial Governments. The first agency 
will frame uniform rules, establish 
standards, which require considerable 
expert technical knowledge and research, 
provide a central organization for testing 
and analyzing drugs and in general be 
the agency for controlling the manufacture 
of drugs of standard strengths in the 
country. The second agency will enforce 
the provisions of the Drugs Act in the 
different Provinces uniformly. After the 
framing of the necessary rules by the 
Central Drugs Technical Advisory Board 
and the Drugs Consultative Committee, 
the Provincial Governments will, it is 
hoped, set up Provincial Advisory Boards 
and testing laboratories in their respective 
provinces for the control of the drugs trade 
in their areas. The steps which have been 
taken so far are undoubtedly far reaching, 
but only a start has been made, and I hope 
that before long the machinery will start 
working. As a result not only the drug 
manufacturers, but the public also will 
benefit from the proper standardization 


and control of this very important, but 
greatly neglected, industry. This is parti¬ 
cularly important at the present moment 
when owing to the war the import of 
drugs from foreign countries has been 
materially reduced, while the demand 
remains the same, if it has not actually 
increased. Manufacturers of drugs in 
India have been slow in not taking advant¬ 
age of the golden opportunity offered by 
the unfortunate position created by the 
war in Europe. My only hope is that 
manufacturers in the country will realize 
their great responsibihty, and taking ad¬ 
vantage of the existing conditions utilize 
to the fullest extent their chances of estab¬ 
lishing a stable drug industry in this 
country which alone will enable them 
to produce every conceivable medicinal 
preparation, synthetic or otherwise. 

Agricultural Research: The Central Legis¬ 
lature has, during the year under review, 
passed a bill for finandng the work in 
connection with agricultural research in 
the country. This welcome measure will 
provide the Imperial Council of Agri¬ 
cultural Research with the necessary funds 
for carrying on its multifarious activities. 
The Governing Body of the Imperial 
Council of Agricultural Research has 
provisionally set up a Finance Committee 
to scrutinize the Council’s annual state¬ 
ments of income and expenditure and 
submit recommendations to the Governing 
Body. This new Committee, it is also 
proposed, will examine estimates of all 
schemes involving an annual expenditure 
of Rs 10,000 or of a total expenditure of 
Rs 50,000. The Committee will also 
consider proposals for new posts in the 
higher cadres under the Imperial Council 
of Agricultural Research. Another step 
of far-reaching importance m the deve¬ 
lopment of agriculture and animal husban¬ 
dry was decided upon by the Governing 
Body of the Imperial Council of Agri¬ 
cultural Research at its last Annual 
Meeting at Simla. It had long been felt 
that much of the labours of scientists and 
research laboratories will have little value 
until steps could be taken to carry the 
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results of their labour to the cultivators 
in a manner which could be readily and 
easily understood by the uneducated and 
untrained agriculturists. It must be ad¬ 
mitted that hitherto the scientists on the 
staff of the Imperial Council of Agricultural 
Research and other institutions in the 
country have concentrated primarily on 
research without an agency to arrange for 
a direct contact with the cultivators, and 
thereby giving them in a simple but really 
effective way the full value of their field 
and laboratory experiments in connection 
with the improved methods of farming. 
The Governing Body of the Imperial 
Council of A^cultural Research have, 
therefore, decided on the establishment 
of a Central Agricultural and Livestock 
Economic Committee to link up research 
with practical requirements. The function 
of this Committee will be to balance the 
needs of research with those of develop¬ 
ment, thus making it possible to apply 
promptly and economically the results of 
research to practical agriculture and 
animal husbandry. This Committee, apart 
from carrying out a preliminary survey 
of India’s needs in the fields of agriculture 
and animal husbandry, will fully scrutinize 
all problems of research from the points of 
view of their practical utility for improving 
the existing conditions. All these develop¬ 
ments are steps in the right direction, and 
I hope that the Governments, both 
Central and Provincial, the scientists and 
the public will co-operate towards improv¬ 
ing the present very backward condition 
of ^riculture and livestock, which, with 
its undeveloped industries, are mainly 
responsible for the impoverishment of this 
great land. 

JVafwMwd Planning Comndtke: Reference may 
also be made at this stage to the labours 
of the National Planning Committee of 
the Indian , National Congress which has 
been sitting at Bombay for the last two 
yMTs under the distinguished Chairman¬ 
ship of our natkam leader. Pandit 
Jawaharial Nehm. The object of the 
Omnmittee is to study the problems of 
the country’s poverty, in an ot^cfive 


manner and devise ways and means for 
increasing the national per capita income 
from its present extraordinarily low level 
of Rs 65 per capita per annum to a reason¬ 
able figure within the next ten years by 
the development of agriculture, by large 
scale industrialization, and evolve a 
better society by proper training of its 
citizens and by a proper distribution of 
wealth. Investigations on such a scale into 
the country’s economic and sociological 
problems have never been undertaken, 
and it is gratifying to learn that the 
Committee was able to impress into its 
service more than three hundred of the 
country’s foremost scientists, economists, 
industrialists and public men. We under¬ 
stand that about 21 of the 29 committees 
have already submitted their reports; 
these have been discussed by the National 
Planning Committee and resolutions have 
been taken on them. Let us hope that 
whatever be the outcome of the present 
struggle, the deliberations of these com¬ 
mittees will act as guides for the adminis¬ 
tration in the future handling of the 
economic and social problems of the 
country. 

Handicaps of scientific workers: India within 
the past 50 years or so has produced a 
number of outstanding men in various 
branches of science, and they have enrich¬ 
ed their respective subjects with brilliant 
discoveries, but unfortunately mostly due 
to financial reasons their opportunities 
have been limited and their spheres of 
work greatly circumscribed; in most cases 
they have had to work under serious 
handicaps which no amount of brilliance 
or bard work could surmount. This view 
is borne out by Prof Bernal’s illuminating 
remarks in ‘The Social Function of 
Science’: 

‘Tbe older civilization of the east had, it is true, 
learned men, but they followed the estabbshed 
traditions which were for the most part on a level, 
and lar^ly identical, with those held in Europe 
at the b^inmng of the Renaissance Here science 
was suddenly and abruptly introduced along with 
other trappings of the more potent industrial 
civilization. The development of science in non- 
European countries differed greatly according to 
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the degree of political and economic control held 
by the imperial powers . In India there 

had been a long and unbroken, though lately 
decadent, tradition of science. The Indian mathe¬ 
maticians had made notable contributions to the 
general development of mathematics. With English 
rule new ideas and new methods of education were 
introduced, but they were introduced in opposition 
to the older learning, and resulted at first in a more 
definite spht between traditional and foreign know¬ 
ledge. Moreover, the education introduced from 
Britain was far more classical and literary than 
scientific in character. 

‘Effectively science in India only began in the 
twentieth centuiy We can say with certainty that 
there are latent in India great possibihties for scienti¬ 
fic development, the mathematics of Ramanujan 
and the physics of Bose and Raman have already 
shown that Indian scientists can reach the first 
ranks Nevertheless, the difficulties under which 
Indian science suffers will preclude, as long as they 
last, any large scale development, or, more parti¬ 
cularly, any serious influence of science on Indian 
culture It is inevitable that in science as in other 
aspects of life the Indians should feel the need for 
national self-assertion, but this attitude is always 
an uneasy one. 

‘Needless to say, Indian science, hkc everything in 
India except the English Civil Service and the 
Army, is starved of funds. The total annual sum 
available for scientific research in India is probably 
not more than 250,000, which would be equivalent 
to 1/50 ofa penny per head of population, or 0*015% 
of the nuserable national income of ^ 1,700,000,000. 
Yet there is hmdly any country in the world that 
needs the application of science more than India. 
In order to release the enormous potentialities for 
scientific development in the Indian people, it would 
be necessary to transform them into a self-reliant 
and free community ’ 

Applying to Indian science what a great 
Viceroy of India said at one time about 
the Indian Press, it may be stated that 
Indian science is very much of an exotic 
which claims and needs, from the hands 
that planted it in this somewhat alien 
soil and clime, full protecting shelter and 
fostering care. Like European education, 
modem science in this country was an 
exotic planted very recently, rather hesitat¬ 
ingly and a little too reservedly, and though 
the young saplings received a certain 
amount of protecting shelter, fostering 
care which was essential, was certainly 
not extended to them on a scale which 
alone would have made it possible for the 
tender plants to become acclimatized and 


flourish. As a result the growth of these 
tender saplings has not only been greatly 
stunted but fortuitous. If science is to 
play its proper part in the life of the 
country and the nation, it must receive 
more generous consideration not only at 
the hands of the Governments, both 
Central and Provincial, but also be 
supported generously by the public, the 
commercial and agricultural magnates 
and all those who have the means to help; 
this alone will make it possible for India 
to assume its proper place in the scientific 
world and the comity of commercial 
nations. 

Organization of Public Health and 
Medical Services in India 

The Indian Empire, excluding Burma 
and Ceylon, extends from Persia and 
Afghanistan on the west to the borders 
of China on the east, and from about 
latitude 40° in the north to almost the 
equator in the south. This vast area, 
which presents a land of very varied 
contrasts in almost all respects, such as 
its physiography, climate, flora, fauna, 
anthropology, history, etc., came under 
the influence of European civilization at 
a relatively late date, but very material 
advances in almost all directions have 
resulted from this contact. Even in regard 
to this influence, however, the contrasts 
presented in different parts of the country 
bring out very vividly the vast nature 
of the extremely varied problems which 
had and have to be faced in the length 
and breadth of this great sub-continent. 

Confining my remarks, as I propose to do 
in this communication, to the Public 
Health and Medical Services in this 
country, it is apparent that side by side 
with the most modem, up-to-date and 
efficient machinery which has been evolved 
and established in a number of centres 
throughout the length and breadth of the 
country, the state of affairs in many of 
the areas is almost as primitive as it was 
during the Moghul times or even earlier. 
During the early times there was a rela¬ 
tively highly evolved system of curative 
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medicine in vogue throughout India. This 
was particularly well developed during 
the heyday of Buddhism in the country, 
but the highly important preventive side 
was, as in almost all other countries during 
this period, non-existent. Contact with the 
West marked a material change, and one 
of the outstanding points of this change was 
that with the exception of a relatively 
small number of private practitioners of the 
indigenous systems of medicine, the State 
assumed almost the entire responsibility 
for providing medical relief to the country. 
Hospitals, dispensaries and other adjuncts, 
together with the necessary personnel, 
were provided on a fairly liberal scale, 
but these were far from sufficient for the 
teeming millions of this great land. Further, 
in essentials all this provision, concerned 
itself for a long time with the curative 
rather than the preventive side of medical 
relief. Within recent years in a few of the 
larger towns some public-spirited people 
or communities have provided additional 
institutions of curative medicine, while the 
numbers of private practitioners have also 
materially increased. All the same, the 
present position is far from satisfactory, 
and in view of the impending constitutional 
changes it is proposed in this communica¬ 
tion to take stock of the situation and 
suggest what should be done for improving 
the existing conditions. 

Landmarks in Public Health 
Administration in India 

In a review of the Public Health Adminis¬ 
tration in India at least three landmarks 
in the history of its development have to be 
considered*:— 


X The appeisimeat of a Royal Commission to 
I ike health of the arnp in India 


npori of the Plague Commission in 
lP04foSowing the (mtbreak of plague in 
1896. 


ML The Reforms ttOrodaced by the Oovem- 
ment of India Act of 1919. 


•Raja KCKE ‘A Plea for a Forward Health 
Pidific in India.* lud Med July, Id37. 


The Royal Commission of 1859 was 
appointed to enquire into the extremely 
unsatisfactory conditions of the health of 
the army in the country. Between 1859 
and 1863, ihe mortality rate among 
European troops was 69 per 1,000, while 
among European women in ‘married 
quarters’ it varied from 44 to 276 per 
1,000. The Royal Commission recom¬ 
mended measures not only for the army 
but also for the civilian population. In 
accordance with its suggestions ‘Com¬ 
missions of Public Health’ were established 
in Madras, Bombay and Bengal in 1864. 
The Commissions in Madras and Bengal, 
though they advocated far-reaching 
measures including the employment of 
trained public health staffs in the districts, 
did not lay down any definite policy. In the 
words of a former Sanitary Commissioner 
with the Government of India, ‘Govern¬ 
ment had to deal with a population which 
was unwilling and unready to receive 
sanitation, which either frankly disbelieved 
in its efficacy and resented any change 
in estabh’shed customs or was too ignorant 
and apathetic to understand the goal at 
which it aimed. Sanitary measures were 
received not only by indifference but by 
active opposition’. Under the circum¬ 
stances, very little advance was possible, 
but the outbreak of plague in 1896 raised 
issues of fundamental importance which 
can best be summed up in the words of the 
Szinitary Commissioner at that time:— 

•When plague appeared it was not a new disease, 
but it was new to the present generation in Indians 
and it has exacted a very heavy toll of deaths all 
over the country. The strangeness of the disease, the 
unpopularity of the measures taken to control it 
and the importance of these measures have served 
to rouse the people from their apathy and con¬ 
centrate the attention of all, but especially of the 
educated classes, on sanitatfon in a way that nothing 
else could have done. 

‘At the same time plague has not been without its 
effect on Government. Previous to the advent of this 
disease it had been the generally accepted opimon 
that sanitetion was the work of any medical officer 
and required no special trainmg A special sanitary 
staff had, therefore, not been considered of any 
very great importance. When plague appeared the 
staff was inadequate and unprepared; action was 
tai^ on general principles and sanitary measures 
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were adopted, which, with further study of the 
aetiology, we now know were unsuitable and could 
do little to check the spread of the disease Tne 
waste of life, time, money and effort that resulted 
has impressed on Government the necessity of being 
prepared in future and large changes have been 
effected with that object.’ 

The report of the Plague Commission in 
1904 advocated the reconstruction of the 
Sanitary Department on a wide impenal 
basis, with the provision of adequate 
laboratory accommodation for research, 
teaching and the production of sera and 
vaccines. The Indian Research Fund 
Association was formed in 1911 and a 
forward sanitary policy, with a devolution 
of powers to the local governments, was 
formulated in a resolution of the Govern¬ 
ment of India in 1914. 

The Montague-Chelmsford Reforms of 
1919 had a very marked effect on Public 
Health Administration; this was partly 
beneficial and in other respects detrimental. 
Provincial ministers responsible to the 
legislature were anxious to hasten the 
growth of education, medical relief and 
sanitation so far as funds permitted. The 
organization of trained Public Health 
stafis for urban and rural areas, which 
the ‘Commissions of Public Health’ had 
recommended in the sixties of the last 
century, was at last taken up in earnest 
and in the years succeeding the introduc¬ 
tion of the Reforms, the organization of 
health services became a marked feature 
in most Provinces. Since 1921 there has 
indeed been far greater public health 
activity in the Provinces than ever before. 

All Civil Medical Services in Presidencies 
and Provinces were formerly under the 
control of a single administrative officer 
known as the Surgeon-General in the 
former and the Inspector-General of Civil 
Hospitals in the latter. Unfortunately, 
owing to an insistent demand for medical 
relief, which is what appeals most to the 
individual in a community with a relatively 
low standard of living, the available funds 
were expended in the main on increasing 
and improving hospitals and dispensaries. 


and the obvious need for more and yet 
more of these, associated with a chronic 
shortage of funds led to the neglect of 
preventive measures and particularly of 
those fundamental but costly ones com¬ 
prised in the term ‘Environmental 
Hygiene’. Relief of sickness and suffering 
was readily understood and appreciated 
by the public, while the application of 
sanitary measures, implying as it did 
interference in age-long habits, with restric¬ 
tions which were regarded as irksome and 
trespassing upon vested interests or 
religious customs, was opposed on all 
hands by the people who are as con¬ 
servative as any in the world. En passant 
it may be noted that the position in India 
at this time was generally very similar to 
that in England some hundred years ago. 

Separation of Preventive and Curative 

Departments 

Early in the present century the Secretary 
of State for India caused the separation of 
preventive from curative medicine by 
creating in each Presidency and Province 
a separate ‘department’ for preventive 
medicine, with an independent budget, 
and under an officer designated as the 
‘Sanitary Commissioner’; the name of the 
officer was changed in 1922 to the less 
appropriate one of ‘Director of Public 
Health’, and his department was also 
designated as the ‘Public Health Depart¬ 
ment’. In many Provinces the division of 
duties as between the heads of the depart¬ 
ments of curative and preventive medicine 
was not fully specified, and oqly a broad 
distinction of curative and preventive medi¬ 
cine was regarded as sufficient.‘The forma¬ 
tion of separate departments for preventive 
medicine in the vanous Provinces provided 
a great impetus for this branch of medical 
work, and far-reaching, much needed re¬ 
forms were planned. These in many cases 
were well advanced when the Great War 
(1914-18) called a halt for the time being. 
After the war the young Public Health 
Departments again got busy. They found 
themselves faced wiA the immense problem 
of Environmental Hygiene in a land 
where, even in towns, safe water supply 
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and sanitary systems of sewage and rubbish 
disposal were, as a rule conspicuous by 
their absence, the housing of the poorer 
classes was atrocious, and local adminis¬ 
tration, except in a few outstanding cases, 
was overshadowed by vested interests and 
correspondingly inefficient. In the rural 
areas sanitation simply did not exist, soil 
pollution was general, flies swarmed, 
malana and hookworm infection were 
almost universal, leprosy and tuberculosis 
were widespred, and small-pox, cholera, 
and plague regularly took their periodic 
tolls uncontrolled by any environmental 
checks or preventive measures. The pro¬ 
vision of properly quahfied and trained 
staff for this work presented a serious 
difficulty. The Medical Department had 
its system of hospitals and dispensaries 
manned by Civil Surgeons, Assistant 
Surgeons, and Sub-Assistant Surgeons In 
some Provinces the Civil Surgeons, origi¬ 
nally ex-officio District Medical and Sani¬ 
tary Officers, retained the dual charge, 
while the Public Health Department was 
building up a subordinate personnel of 
Sanitary Inspectors, epidemic Sub-Assis¬ 
tant Surgeons or Health Assistants to Civil 
Surgeons and later Health Visitors All 
these worked under the Director of Public 
Health who had one or more Assistant 
Directors and other specialists, leaving the 
provision of the more costly full-time 
District Health Officers until the subordi¬ 
nate personnel had been trained and 
appointed. Other Provinces hastily 
appointed expensive District Sanitary 
Officers, whom in some cases they called 
Medical Officers of Health, although, 
owing to the fiict that every distnct already 
had a District Medical Officer or the 
‘Civil as he is usually called 

India, their duties were not 
^p^Hi^ie^with those of Medical Officers 
Ei^^mid. Further, in the 
IfeBP c e of a sefiarate staff of subordinates 
the "work these new officers was limited 

to advising only. As an exoeptiim, how¬ 
ever, the Presidency of Madras succeeded 
in creating a complete staff of Health 
Officers, A^istant Officers and Sanitary 
Inspectors. 


Lack of co>operation between 
Medical and Public Health 
Departments 

The question at the present time is the 
lack of co-operation and consequently of 
co-ordination obtaining in many parts of 
India between the official Medical and 
Public Health Departments.* This is a 
problem peculiar to India, for it does not 
exist in Western countries nor in the 
Dominions and Colonies where the separa¬ 
tion of the official Health Services into 
‘curative’ and ‘preventive’ sections has 
never been effected. To some extent this 
is due to the unsuitable titles given to the 
respective Departments and still more to 
their administrative heads In the Presi¬ 
dencies the head of the Medical 
Department, as has been remarked already, 
is known as the ‘Surgeon-General’ : a 
passable appellation with an historical 
basis as It is applied to the Chief of the 
United States Public Health Service. In 
the Provinces, on the other hand, the 
head of the Medical Services is known as 
the ‘Inspector-General cf Civil Hospitals’: 
an inadequate and misleading designa¬ 
tion for one who is the adviser to Govern¬ 
ment on all matters connected with 
medical relief, administrator of all public 
medical institutions, head of the medical 
services in the Provmce, President of the 
Provincial Medical Council of Registration 
and Medical Education and President or 
Chairman of a host of other medical 
organizations and committees. The desig¬ 
nation ‘Director of Public Health’ is 
equally inappropriate, since it implies 
extensive powers and a range of activities 
much wider than are possible under 
existing conditions. The two titles together 
are largely responsible for the confusion 
of functions pertaining to the two Depart¬ 
ments and the consequent overlapping, 
duplication and wastage of their resources. 
Another factor contnbuting to this confu¬ 
sion has been the absence of orders laying 


♦Jolly, CC ‘The need for co-operation in the 
Medical Health Services of India, with special 
reference to Maternity and Child Welfare.’ Ind 
Med Gas, April, 1940. 
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down the exact policy and scope of work 
for each Department. 

It has been asserted that the maintenance 
of separate departments for medical relief 
and preventive medicine is an advance 
upon the English System, Its advocates 
point out that it enables experts on 
each side to administer their own subjects. 
While the specialists in preventive medi¬ 
cine argue that those who have not taken 
a diploma in Public Health cannot appre¬ 
ciate the requirements and scope of their 
work, they seem to lose sight of the fact 
that Public Health personnel is so fully 
occupied with Environmental Hygiene 
that it loses all touch with clinical work 
and is, therefore, not the proper agency 
for the administration of medical relief. 
There is much to be said on both sides. 
Even in England similar views have been 
expressed by recognized leaders of the 
profession. But in actual practice the 
maintenance of two separate public 
medical services has not led to satisfactory 
results in India, So long as the Public 
Health Department limited its activities 
to Environmental Hygiene there was little 
or no difficulty. This subject offers so vast 
a field that it could well keep a large 
department fully occupied for many de¬ 
cades to come. As soon, however, as the 
separate Public Health Department pro¬ 
ceeded to interest itself in individuals 
rather than communities, overlapping 
began to appear; this has been most 
marked in the fields of maternity and child 
welfare, leprosy and tuberculosis, and 
even rural medical relief. In regard to 
midwifery a tendency appears to be 
developing which, if it is not checked may 
lead to a conflict between the practising 
doctors and health visitors and midwives. 
Already with the peculiar social conditions 
prevailing in this country medical colleges 
and schools are finding it increasingly 
difficult to obtain the requisite number of 
‘cases’ for training. The position in regard 
to such diseases as leprosy and tuberculosis 
is anomalous. In one Province the 
Inspector-General of Civil Hospitals is 
responsible for leprosy work, in another the 


Director of Public Health The same is the 
case with tuberculosis. 

There is sufficient evidence, where it 
occurs, of a lack of co-operation between 
the two official departments and of the 
development of ‘exclusion’ instead of an 
espnt de corps which can only be destructive 
in Its effects. The situation requires to be 
met by a close liaison between the two 
branches, such as, for example, obtains 
in the Government of India, where the 
Director-General, Indian Medical Service, 
has the Public Health Commissioner work¬ 
ing with him in his office as his principal 
staff colleague Such an arrangement not 
only conduces to a close co-operation, but 
the distribution of work is facilitated. The 
urgent necessity for a friendly collaboration 
between the two departments, if the system 
IS not to break down, is essential, and is 
recognized by experienced administrative 
officers of both departments. The Central 
Advisory Board of Health, estabhshed in 
1937, should prove a valuable agency in 
this direction. At its meeting in Madras in 
January, 1939, it passed the following 
resolution for the establishment of similar 
Provincial Boards of Health • 

‘The Board stresses the desirability of establishing 
in each Province and State an Advisory Board of 
Health vnth the Minister-in-charge as Chairman.’ 

While in reference to Maternity and 
Child Welfare it adopted the following 
resolution: 

‘Co-ordination between the medical and public 
health departments is perhaps more Vital m the 
field of Maternity and Child Welfare than in any 
other of medical and public health work.’ 

If a policy of close friendly collaboration 
obtains between the two departments in 
the Provinces and the relative spheres 
of each are defined, the existing system 
will continue to function tolerably well, 
but if friendly co-operation that should be 
sought and loyally observed by the workers 
in both the departments is replaced by a 
spirit of exclusion, and co-operaticai is 
stigmatized as a ‘dual control’, then a 
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position in which the two departments are 
in opposition will arise sooner or later and 
the profession will be divided into two 
camps. Such a state of affairs will hardly 
be in the interest of either of the two 
departments, while the effects of such a 
controversy are bound to lead to a great 
deal of suffering for the poor public 

Federal Ministry of Health 

The best solution of the problem appears 
to be the establishment of Ministries of 
Health in various Provinces modelled on 
the English System with suitable modifica¬ 
tions in regard to the local conditions. 

The modern Public Health Service in 
England is barely a quarter of a century 
old and, like so many of the English 
institutions it arose more by accident than 
by design. The dissolution of the monaste¬ 
ries left the destitute without any visible 
means of support until the year 1601, 
when the Ehzabethan Poor Law established 
Parish Overseers and Workhouses—this 
system remained practically unchanged for 
over two centuries. Besides relieving desti¬ 
tution, these authorities carried out any 
measures that were necessary for the public 
health, such as the control of epidemics, 
the provision of sewers, or the abatement 
of sanitary nuisances. In 1834 the Poor 
Law Amendment Act. was passed after a 
great deal of agitation and following the 
Report of the Poor Law Commission of 
1832. This important Bill amalgamated 
the separate Parishes into Unions under 
the control of Boards of Guardians. 
District Medical Officers were appointed to 
attend to the sick poor, while the infirma¬ 
ries were built to accommodate paupers 
who were too ill to be kept in the Work- 
houses. In 1835 the Municipal Gorpora- 
titms Act was placed on Statute Book to 
refi^rm the ch^tic state of the Borough 
Goffiemment. 

Despite all these changes, the state of the 
public health was never taken very seriously 
until the chc^era epidemics between 1830 
and 1854 galvanized the Government into 
actitm. Edwin Ghadwidk, one of the Poor 


Law Commissioners, in his Survey into the 
Sanitary Condition of the Labouring Classes of 
Great Britain, exposed not only the insani¬ 
tary evils of the towns and villages, the 
hideous legacy of the Industrial Revolution, 
but, by showing how closely disease was 
related to poverty, provided a convincing 
argument in favour of far-reaching reforms. 
His ‘sanitary idea’ led to the appointment 
in 1848 of the General Board of Health, 
which, after a stormy life, was superseded 
by the Local Government Board of 1871. 
In 1872 the country was divided into 
urban and sanitary districts, and medical 
officers of health and inspectors of nuisan¬ 
ces were appointed for the first time. 
Credit is due to the authoritiess of the 
Liverpool Borough for having had the 
vision to appoint a Medical Officer of 
Health much earlier. Then followed the 
great Public Health Act of 1875 which is 
the bulwark of all sanitary laws. 

A further Municipal Corporation Act 
was passed in 1882, while the year 1888 
was conspicuous for the creation of 
County Councils and County Borough 
Councils. From this time onwards there 
has been an ever widening stream of 
health legislation. Statute after statute has 
swollen the ranks of the Public Health 
Service to such an extent that to-day there 
is scarcely any field of human activity in 
which the health officer does not play an 
important part. Another important land¬ 
mark, the National Health Insurance Act 
of 1911, provided the adult manual worker 
with compulsory insurance against loss of 
health. The Bill was hotly contested during 
its passage through Parliament, but it was 
successfully piloted and passed into law 
through the efforts of Mr. Lloyd George. 

Finally, the creation of a Ministry of 
Health in 1919 in place of the Local 
Government Board was the crowning 
recognition of the importance of health 
in the nation’s life. This wise step was 
made inevitable by the Great War of 
1914-18. 

The general powers and duties of the 
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Minister in relation to health are defined 
in the second clause of the Ministry of 
Health Act, 1919, as follows: ‘‘To take all 
such steps as may be desirable to secure 
the preparation, effective carrying out and 
co-ordination of measures conducive to 
the health of the people, including mea¬ 
sures for the prevention and cure of 
diseases, the avoidance of fraud in connec¬ 
tion with alleged remedies therefore, the 
treatment of physical and mental defects, 
the treatment and care of the blind, the 
initiation and direction of research, the 
collection, preparation, publication and 
dissemination of information and statistics 
relating thereto, and the training of 
persons for health services” 

Ministry of Health: The Ministry of Health 
is the chief tribunal for Local Authorities. 
Broadly, it engages in the following 
activities:— 

(1) PubUc Health. 

(2) Local Government and Local Finance. 

(3) Housii^ and Town Planning. 

(4) Poor Law Administration. 

(5) National Health Insurance. 

Tower,’ remarked John Stuart Mill, ‘may 
be localized, but knowledge to be most 
useful must be centralized.’ Thus, while 
most executive functions are passed over 
to the Local Authorities, the Ministry 
seeks to maintain proper standards of 
efficiency amongst them. It supervises 
their methods of government, especially 
in regard to the public health matters. 
Certain too forward authorities have to 
be restrained, while other backward ones 
have to be spurred on to better achieve¬ 
ment. One of its most important functions 
is the control of local expenditure by 
sanctioning loans after careful inquiry. 

Its Medical Department, under the Chief 
Medical Officer, is divided up into the 
following sections:— 

(1) Medical Intelhgence, lofectious Diseases, Inter¬ 
national Health, etc. 

(2) Maternity and Child Welfare. 

(3) Tuberculosis, Venereal Disease and Institutional 
Therapy. 


(4) Nutrition, Food and Drugs Administration, 
London Hospitals, Water Supplies, etc 

(5) General Practitioner Services and Insurance. 

(6) Surveys, Hospitals, Environmental Hygiene, 
and Pubhc Assistance. 

(7) Medical Services, Emergency Hospital. 

(8) Welsh Board of Health. 

Each of these Divisions is in charge of a 
Senior Medical Officer who is responsible 
to the Chief Medical Officer for the work 
carried on in his division Furthermore, 
Regional Medical Officers are employed 
to supervise the work of the panel doctors 
and the pharmaceutical chemists under 
the National Health Insurance Scheme, 
while other officers are detailed to investi¬ 
gate serious epidemics of infectious 
diseases, outbreaks of food-poisoning, or 
make surveys of Local Government areas. 
These surveys are extremely valuable 
Not only do they provide comparative 
indices to enable the Ministry to issue 
reports, circulars, and memoranda for 
the information and guidance of Local 
Authorities, but, incidentally, they help 
the Medical Officer of Health to overcome 
some of the more difficult problems of 
administration. 

Proposed Federal Ministry of 
Health of the Government of 

India 

In India a Federal Ministry of Health 
should be established at the centre to 
provide the necessary co-operation agency 
for the provincial local self-government 
departments, which are at present respon¬ 
sible for the supervision of local bodies 
and for public health administration in the 
provinces. This Ministry would also be 
responsible for the other health functions 
statutorily conferred on the Central 
Government by the Government of India 
Act of 1935. All problems in connection 
with curative and preventive medicine 
should be dealt with by one department 
divided into appropriate sections. The 
following sections are tentatively sugges¬ 
ted for consideration:— 

1 Pnson medical service. 

2. Port sanitation and quarantine service. 

3. School medical service. 
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4 Public Health including 

(a) Medical intelligence, infectious diseases and 
international health. 

(b) Nutrition, Food and Drugs administration 
including biological products. 

(r) Environmental Hygiene including housing, 
water supply, drainage, waste products. 

(d) Industrial hygiene. 

5. Medical rehef including: 

(a) Maternity and Child Welfare, venereal 
diseases, tuberculosis, leprosy. 

(b) General practitioner services with special 
reference to rural dispensaries. 

(c) Hospitals. 

(d) Drug addiction. 

(e) Health Insurance. 

6. Lunacy 

7. Scientific Research. 

For these purposes, the Ministry should 
have a highly trained staff of expert 
advisers. The Director-General, Indian 
Medical Service, who as the Surgeon- 
General with the Government of India 
most nearly corresponds to the Chief 
Medical Officer of the Ministry of Health 
in England, has at present an insigmficant 
number of specialists on his staff. In 
England though pubhc health adminis¬ 
tration is established on well-regulated 
lines, the Chief Medical Officer controls a 
strong team of workers in each special 
subject of medical health work, such as 
maternity and child welfare, tuberculosis, 
industrial hygiene and so on In India, on 
the other hand, while the conditions are 
much more complex, and although the 
necessity for an expansion of the Central 
Government’s technical staff has been 
repieatedly stressed by the Directors- 
General and Public Health Commissioners, 
the task is left to only two or three officers. 

The materials for the establishment of a 
Ministry of Health at the centre in India 
are all available. Thus, though many of 
tfae bureaux are under private bodies, 
tlieir ffiaectors act as advisers to the 
Director-General, Indian Medical Service, 
wbo, as a rule, is connected with such 
bodies as the Chsdrman of their Managing 
Committees. Thus with the Director- 
General at the top we have roughly:— 

1. Public Health Bureau of Qparan.tine, 

GomtnisiaoDer Infectious Diseases and 

Intematioaal 


2 Deputy Director Personnel and Establish- 

General ment, Medical Relief, 

Medical Education, etc. 
3. Assistant Diiector- Medical Supplies. 

General(Stores) 

4 Matcrmty and Child 
VVelfare Bureau of the 
Indian Red Cross 
Society. 

The Director-General is the Chairman of the 
Bureau. 

5. Medical Commissioner of the Tuberculosis 
Association of India. 

The Director-General is the Chairman of this 
Association. 

6 Medical Research 

Tne Director-General is head of the Medical 
Research Department and Chairman of the 
Scientific Advisory Board, Indian Research 
Fund Association, while the Public Health 
Commissionei acts as its Secretary. 

7. Drugs Control. 

Tne Director-General has the Director of Drug 
Control Laboratories on his sta/f. and he is also 
the Chairman of the Advisory Board for Drug 
Control. 

8 Nutrition — 

The Director of Nutrition Research Institute as 
the Oificer-in-Charge of the Nutrition Enquiries 
of the Indian Research Fund Assoaation, acts 
as the expert adviser to the Director-General. 

9 Malaria 

The Director of the Malaria Institute of India 
acts as the adviser to the Director-General 

Other loose connections exist or are being 
forged, e.^., leprosy through B.E.L.R.A.: 
food standards through a standing com¬ 
mittee to be set up by the Advisory Board 
of Health, while new connections have to 
be established with the Railway Medical 
Services, Prison Medical Services, School 
Medical Services, etc. 

The provision of a suitable staff of experts 
must devolve on the Federal Government 
and caimot be relegated to the provinces. 
The Royal Commission on Health in 
Australia (1925) emphasized that, as ‘the 
success of health administration is more 
dependent on the personahty and capabi¬ 
lity of the officers directmg it than on 
any other single factor, the Common¬ 
wealth Government should be responsible 
for the maintenance of highly trained 
experts to advise and help local authorities 
when desired by State Health Administra¬ 
tions’. If such an arrangement has succee- 
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ded in Australia, I agree with Raja (1937) 
that a similar plan might be equally 
successful in India. Moreover, a carefully 
selected central staff would, to some extent, 
avoid the duplication of posts of b'ghly 
specialized men in the component States 
of the Federation, while the position and 
prestige of the Federal Administration 
should enable it to attract the proper type 
of men. 

The selection of the Federal Chief Medical 
Officer should, however, be dependent on 
his having both Medical and Public 
Health experience, and his deputies must 
be given a chance to familiarize themselves 
with the wide range of the curative, 
preventive and constructive aspects of 
medicine in the country. 

Public Health Organization in the 

Provinces 

Each province should have a Chief 
Medical Officer responsible to the Minister 
of Health of the province for the adminis¬ 
tration of the whole of the medical subject 
with a number of deputies in charge of the 
various departments, e.g., prisons, schools, 
medical and public he^th problems. The 
deputies should be given a chance to 
work in different departments so that the 
Chief Medical Officer of the future would 
have men available with firsthand ex¬ 
perience of individual and Environmental 
Hygiene, while Regional Medical Officers 
should be appointed to look afier various 
areas or zones. 

A Provincial Board of Health under the 
Chairmanship of the Minister of Health 
should be constituted in each province. 
The members should be drawn from the 
Medical and Public Health specialists and 
suitable persons should be co-opted for 
different problems. The help of the 
Revenue, Education and Public Works 
Departments would be needed to shape 
the health policy of the Provinces. Suitable 
persons may be constituted into ad hoc 
committees to tackle important problems 
of general and local interest, while the 
co-operation and advice of the specialists 


on the staff of the Federal Ministry of 
Health should be available to the Pro¬ 
vincial Governments in connection with 
problems of an all-India nature. 

In the distncts, District Health Committees 
should be formed for the same purpose. 
These should be presided over by the 
Collector of the distnct or the President 
of the District Board; the co-operation of 
both agencies is essential, and this alone 
will make it possible for these committees 
to work efficiently 

So far as the rural population is concerned, 
medical men engaged in curative work 
should be able to undertake public health 
duties as well. Their education and training 
should be of such a nature as to enable 
them to do so without difficulty. The 
doctors engaged in combating epidemic 
diseases should be expected to undertake 
public health work when not dealing 
with outbreaks of infectious diseases. 
The rural doctor, who is the final link 
between the Health Services in this 
country and the people, should also be 
responsible for giving an elementary health 
education to the patients in connection 
with their immediate surroundings. Such 
instruction would be much more effective 
than general lectures and demonstrations 
to large audiences 

Conclusions 

To sum up the views expressed above, I 
consider that, under the conditions pre¬ 
vailing in India at present, the State is 
essentially responsible for providing the 
necessary agencies for both preventive and 
curative medicine. Curative medicine forms 
an integral part of the public health 
services of a country inasmuch as very 
often the sick man is the source of infection 
and no constructive medicine is possible 
unless the population is rendered free from 
disease by treating the individuals. Again, 
according to the newer conceptions of a 
State, it is necessary that disablement 
whether temporary or permanent should 
through intensive use of curative medicine 
be cut down to the barest minimum. 
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Moreover, it is through curative medicine 
alone that it is possible to win the confi¬ 
dence of the public in a country like India 
and bring home to the people the advanta¬ 
ges accruing both from preventive and 
constructive medicine 

Starting from the bottom, I consider that 
to meet the requirements of public health 
of the population there should be a com¬ 
bined establishment which should form 
the basis of preventive, curative, and 
constructive medicine in each village. 
This should be linked up with a more 
organized central agency discharging these 
combined duties and catering for a con¬ 
venient sized population, the bulk of 
which will depend upon various factors 
such as communications, incidence of 
disease, etc. These primary organized 
centres will have to be supervised and 
assisted by a district centre in which there 
should be a specialized staff for the main 
medical subjects. These district centres in 
turn should be in touch with a larger pro¬ 
vincial organization in which the stafi' 
consisting of specialists m various branches 
of medical science should work under a 
senior and experienced medical man. 
This latter should constitute the adminis¬ 
trative head of the medical service in the 
province under the Provincial Ministry of 
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Public Mealtb He should have a thorough 
training in the methods of public health 
administration, community health oigani- 
zation, constructive medic me, etc d'hc 
stall'of the provincial oigamzation should 
further be large enough to be utilised loi 
medical and public health tiaimng both loi 
under-graduate and post-gi aduatc woi k 

The activities of the health oiganization 
m diflercnt provinces should lie eo-oidina- 
ted by a moic claboiate and ellic'ic*nt 
Federal or an All-India oigamzatiou work¬ 
ing under the Federal Mimsti> oi Health 
The administrative head sliould be an 
officer with wide experience ol pieventive, 
curative and constructive mediemc', and 
have on his stall expei t advist'is in as 
many of the impoi taut branches oi medi¬ 
cine as possible With the advice^ and 
help of these advisers, it should be his 
duty to deal with and co-(>ichnate the 
problems of public health which c'< nc'cu n 
the country as a whole Ckn alive and 
preventive medicine must woi k as onc‘ 
single whole, to let them work sepjuatel> 
m water-tight compai tments is suit' to 
lead to confusion, while only an oigamza- 
tion of the nature detailed above* will be 
able to deal successfully with the muhilari- 
ous problems of public health in this 
vast country. 
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B Prashad 

(delivered at Baroda, 1942) 


I have first of all to express my appieciation 
and thanks to the Council and the Fellows 
of the National Institute for the high 
honour they did me by electing me as the 
President of the Institute Dunng the 
year under review I have tried, as far as 
possible, to carry on the traditions of my 
distinguished predecessors in this office, 
and this would not have been possible 
but for the whole-hearted support and co¬ 
operation of my colleagues on the Council. 

Development of Saentific Research: Sir Ram 
Nath Chopra in his Presidential Address 
at Madras in January 1940 briefly discussed 
the organisation and development of 
scientific studies and research in India 
and suggested a scheme for a body ‘which 
could draw up a comprehensive scheme 
of scientific and industrial research, mobi¬ 
lise all available talent in the country by 
allotting problems to scientists and institu¬ 
tes best suited for their solution, provide 
necessary research facilities and adequate 
grants, and finally deal in extenso with all 
scientific and industrial problems of the 
entire country’. 

The abnormal conditions resulting from 
the war are probably responsible for very 
little attention having been paid to the 
highly important question of the develop¬ 
ment of research m pure science, but a 
great headway has been made in connec¬ 
tion with industrial research. 

Board of Scientific and Industrial Research: 
In his Address at Benares last year Sir 
Ram Nath referred to the establishment of 
a Board of Scientific and Industrial 
Research by the Central Government. 
Since its inception and more particularly 
during the year under review the Board of 
Scientific and Industrial Research hw 
carried out very important and highly 


valuable work under the distinguished 
directorship of our Fellow Sir Shanti 
Swarup Bhatnagar He and his associates 
have initiated and developed various 
research schemes, several of which have 
already found application in industry in 
connection with the war, while others are 
likely to play a very important part in 
the industrial development of the country 
as a whole In accordance with the policy 
adopted for the Board the results of these 
researches have been made available to 
private industrialists in the country for the 
development ofindustry, and it is gratifying 
to note that as a result of these researches 
several industrial undertakings have been 
started in different parts of the country 
This great development is undoubtedly 
to be attributed to the far-seeing pohey 
and active interest of all members of the 
Board, as also the team-work of the various 
Research Committees which have been 
working under its aegis. The Government 
of India realising the great value of the 
work carried out by the Board have decided 
to constitute it on a permanent basis With 
this end in view Sir Shanti Swarup 
Bhatnagar has been confirmed in his 
appointment as the Director, and the 
Board is to be financed from an Industrial 
Research Fund, which will receive grants 
of 10 lakhs of rupees a year for a period 
of five years. It will be managed by a 
Board of Trustees consisting of some 
officials, and prominent scientists and 
industrialists, and its main function will 
be the fostering of industrial development 
in the country. A resolution to this effect 
was passed by the Central Legislative 
Assembly at Delhi in its November session. 
For this highly satisfactory state of affairs 
the country is indebted to the untiring 
efforts of the Hon’ble Diwan Bahadur Sir 
A Ramaswami Mudaliar, Member in 
charge of the Department of Commerce 
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and Labour, who is also the Chairman 
of the Board. 

This Board brings industrial research in 
line with other agencies in the country 
dealing with special branches, such as the 
Indian Research Fund Association for 
medical research, the Imperial Council 
of Agricultural Research for agriculture 
and animal husbandry, the Indian Cotton 
Committee for cotton, the Indian Jute 
Association for jute, the Lac Cess Com¬ 
mittee for lac, etc. The name ‘Board of 
Scientific and Industrial Research’ as 
applied to the Board referred to above, 
however, is not strictly accurate, as the 
major part of the activities of the Board 
will be directed, as has been remarked 
above, towards fostering industrial deve¬ 
lopments in the country. 

Future Development and necessity for a National 
Research Counal; In connection with 
scientific planning it has become essential 
in almost all civilised countries to think 
not of individual and sectional problems 
only, but of all scientific problems as they 
concern the country and community as a 
whole. These problems can roughly be 
grouped under two main heads: (i) those 
that concern the internal organisation of 
science, and (ii) those dealing with the 
relationship between all scientific work 
and developments in the country. The 
very complicated problems connected with 
the work and future of the workers who 
are employed in research on the one hand 
and of the multiplicity of sciences, institu¬ 
tes, universities and other cognate research 
agencies on the other have created the 
necessity for setting up organisations not 
only for organising, developing and direct¬ 
ing their activities but safeguarding the 
interests of these scientific workers; these 
functions cannot be performed by bodies 
interested in one or other branch only. 
The phrase ‘organisation of research’, as 
that great biological philosopher, the 
late Professor William Morton Wheeler 
so aptly described, “is nonsense if we take 
‘research’ in its abstract sense, for an 
abstraction, of course, is one of the things 


that cannot be organised. All we can mean 
by the term is the oiganisation of the 
actual processes of research, or investiga¬ 
tion, and since these processes arc essen¬ 
tially nothing but the living, functioning 
investigators themselves, organisation of 
research can mean only the organisation 
of the investigators.” All the same, the 
developments in the country in regard to 
applied research are so rapid and the 
conditions under which these arc taking 
place so abnormal, mainly owing to the 
stress of the war, that it will not be out of 
place to repeat here the note of warning 
from an editorial in Mature publislied m 
1938: ‘the research organisations of tlic 
country should be truly national and 
responsible to the Federal Government 
alone. Even in an Empire the size ol India, 
where the resources and needs of various 
provinces are widely dilTcrcnt, it would 
seem that centralised organisation of 
research is the only way of avoiding waste 
of money and effort. The detailed planning 
of research must be in the hands of those 
with the necessary specialised knowledge, 
and they must be able to act without 
suspicion of political or racial influence’. 
This, in other words, stresses the necessity 
for having a central co-ordinating and 
directing agency, and I would again very 
strongly urge for the consideration of the 
authorities the constitution of a truly 
representative National Research Council 
in India on the lines of the body which 
has been rendering such useful service in 
Great Britain ever since its constitution. 
Similar bodies are also doing invaluable 
work in Canada, South Africa, Australia, 
etc. As I stated on an earlier occasion, 
‘The functions of this Council should not 
only include the defining of scientific 
policy but it should also act as an expert 
advisory body for planning and co¬ 
ordinating all scientific research in the 
country. The planning of scientific policy 
and co-ordination of research should 
be so arranged as to preclude duplication 
and avoid wastage of talent and available 
funds, but without restricting the normal 
work of the universities, scientific depart¬ 
ments and institutions, or in any way 
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curbing individual initiative which is so 
essential for high class research Such an 
authoritative body should also be able 
to help m bringing about the necessary 
reforms in the existing system of scientific 
education’. 

The National Institute of Sciences of India 
was started in 1935 in response to the 
keenly felt need for a body which could 
co-ordinate the work of all scientific 
societies, institutions, Government Scienti¬ 
fic Departments and Services, and cognate 
agencies throughout the country. One of 
the main items of the programme laid 
down for the Institute was 

‘to act through properly constituted National 
Committees in which other learned academies and 
societies will be associated as the National Research 
Council of India, for undertaking such scientific 
work of national and international importance as 
the Council may be called upon to perform by the 
public and by Government.’ 

Unfortunately all efforts of the Institute 
for the establishment of a National 
Research Council for India have been 
unsuccessful. The need for such a body in 
connection with the organisation, healthy 
and normal development and co-ordination 
of scientific research in the country is, 
however, too patent to require any further 
justification, and the Institute will be 
failing in its duty if it does not continue 
to press for the constitution of such a 
Council at an early date 

Zoogeography of India 

I propose to discuss briefly the Zoogeo¬ 
graphy of India. Zoogeographic studies 
can be carried out along different lines in 
accordance with the ideals in view, but 
the raison d’etre of all such studies is the 


elucidation of the constitution of the 
fauna of any particular area, its distribu¬ 
tion, origin and relationships. 

Zoogeographical Regions: Older authorities 
on Zoogeography like Wallace, Huxley, 
Sclater, Sharp, Heilprin and others mainly 
considered the present-day distribution of 
the various groups of animals, with casual 
references to their geological history, and 
from the data thus obtained attempted to 
divide the surface of the earth into zoogeo¬ 
graphical regions or realms. In fact, as 
Ortmann^ remarked, ‘any research in this 
direction is deemed incomplete that is 
not finished by the creation or discussion 
of “regions” This method resulted in the 
division of the earth’s surface into a varying 
number of realms or regions, 21 according 
to Schmarda^, 6 according to Sclater^ and 
Wallace^, 2 according to Huxley®, 7 
according to Blyth^, 9 according to Gill®, 
3 according to Blanford®, 4 according to 
DahP, and vanous others The regions 
were further subdivided into subregions 
or provinces, but the divisions were based 
mainly on the distribution of mammals 
or birds. In spite of Wallace’s assertion® 
that his slightly modified scheme of Sclater 
is applicable to all groups of the Animal 
Kingdom, there is little doubt that no one 
scheme can serve equally for all the 
groups. 

Indian Area: As Blanford®, one of our 
most distinguished geologists and zoogeo¬ 
graphers, remarked, ‘For the study of 
zoological distribution there are few, 
if any, regions on the earth’s surface that 
exceed British India and its dependencies 
in interest. The area is large, nearly 
1,800,000 square miles, and although the 
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vertebrate fauna is by no means thoroughly 
explored, it is well known throughout the 
greater part of the area . . The variety 

in elevation and of climate is remarkable; 
the country is bounded on the north by 
the highest of known mountain ranges, 
and by the loftiest plateau on the earth’s 
surface, and it includes within its limits 
both the almost rainless area of the Sind 
Desert, and the locality in the Khasi Hills 
distinguished by the heaviest rainfall 
known Another element of interest is the 
fact that the Peninsula of India is a land 
of great geological antiquity, there being 
no evidence to show that it has ever been 
submerged, although the greater part of 
the Himalayas and Burma have at times 
been beneath the sea.’ Blanford^® 
admirably defined the limits of the area as 
consisting ‘of the dependencies of India 
with the addition of Ceylon, which, 
although Bntish, is not under the Indian 
Government. Within the limit thus defined 
are comprised the whole of India proper 
and the Himalayas, the Punjab, Sind, 
Baluchistan, all the Kashmir territories 
with Gilgit, Ladak, etc., Nepal, Sikkim, 
Bhutan and other cis-Himalayan States, 
Assam, the countries between Assam and 
Burma, such as the Garo, Khasi and the 
Naga Hills and Manipur, the whole of 
Burma with Karenni, and of course Tenas- 
serim and the Mergui Archipelago, and 
lastly the Andaman and Nicobar Islands.’ 
With this we have also to include the 
Laccadive and Maldive Islands, which 
not only are under the Indian Govern¬ 
ment, but the fauna of which shows very 
distinct affinities with that of the Indian 
area. On the other hand Burma, which 
administratively is now a separate entity, 
must still in view of the faunistic relation¬ 
ships be included within the Indian area. 

Zoogeographical Position .'It will be presump¬ 
tuous to claim that we are, by any means, 
fully acquainted with the forms of animal 
life which inhabit this vast subcontinent. 


but one would not be far wiong in .saying 
that we are today fairly well infoimcd 
about the main features, and m many 
cases, even the details of its fauna I’he 
limits of India, as defined above, fall 
mainly within the Oriental Region of 
Wallace or the Eastern Palacotropical 
region of some authors Probably, however, 
as Blanford suggested, the best name for 
the region, owing to the earlier use of the 
name Oriental by the botanists for South¬ 
western Asia and Persia, is Indo-Maliy, 
as explored by Elwes for Buds 'Phis name 
also IS not very suitable, as practically 
the whole of t’le Western Fiontiei Pio- 
vince, the greater part of the Punjab, and 
the Western Himalayan area to the western 
limit of Nepal with Gilgit and Ladak 
should undoubtedly be included m the 
Holarctic or the Palaearctic Region lather 
than the Indo-Malay. Further, paits of 
the Indo-Gangetic Plain show closer afiini- 
ties to the Western Fiontiei territory than 
to the rest of the Indo-Malayan aiea 

Subregions oj India Owing to I lie hetero¬ 
geneous nature of the faunas of the ddfei ent 
parts the division of this vast aiea into 
subregions is not an easy task 'Fhe 
affinities of the faunas of the dillerent 
areas are very complicated and probably 
the best course under the circumstances 
IS to take physiographical rather than 
zoogeographical tracts as the basis for the 
consideration of the faunas of different 
parts In this connection it will be useful 
to consider here briefly the history of the 
various attempts that have been made by 
earlier workers for subdividing the Indian 
area into subregions Jordon* taking the 
Birds and Gunther, the Reptiles, as the 
bases for their conclusions, divided India 
into several subregions, but their sub¬ 
divisions were based mainly on geogra¬ 
phical units rather than on the available 
zoological data. Blanford* basing his 
scheme on the distribution of the Land 
Mc llusca divided India into four Provinces 
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which he designated: (1) the Punjab 
Province, (2) the Indian Province proper; 

(3) the Eastern Bengal Province, and 

(4) the Malabar Province with Southern 
Ceylon The Indian Province proper was 
subdivided into four sub-provinces Elwes* 
who considered India with Malay Penin¬ 
sula as a single unit (Indo-Malay Region) 
for Birds, divided it into three subregions: 

(1) Himalayan or Himalo-Chinese; (2) 
Indian, and (3) Malay. Wallace® from a 
general consideration of the distribution 
of all the groups of animals divided the 
Oriental region into (1) Hindustan or the 
Indian subregion consisting of the whole 
of the Peninsula from the foot of the 
Himalayas on the north to somewhere 
near Senngapatam on the south-east and 
Goa on the south-west, (2) Ceylon and 
South India, (3) Himalayan or Indo- 
Chinese subregion comprising the 
Himalayas as far west as Kashmir from the 
base to an elevation of 9,000-10,000 feet, 
and the countries east of the Bay of Bengal, 
Assam, Burma, Southern China, Siam 
and Cochin China; and (4) Indo-Malaya 
or the Malayan subregion consisting of 
the Malaya Peninsula and the Archipelago. 
Kobelt^ basing his conclusions mainly on 
the distribution of the Mollusca divided 
it mto' (1) the north-western area of the 
Indus Plateau limited in the south-east by 
a boundary running almost in line with the 
Aravalli mountain range, (2) the greater 
part of the Peninsula in the south bounded 
by a line from Goa on the west to Madras 
on the east, on the north-west by the 
Aravalli range and including almost the 
greater part of the Gangetic shed—the 
latter bordered on the north by the 
Himalayan chain and on the east by a line 


running from the eastern border of Nepal 
to a little to the west of Calcutta; and 

(3) the Basin of the Brahmaputra including 
a part of Bengal, the whole of Assam and 
the hill areas of the Garos, Nagas, etc , 
and bounded on the east by a line running 
from Cape Negrais along the Arrakan 
Yomas and then running further east 
along the Irawadi river to Tibet He did 
not include Burma and Tenasserim in 
this account. Sharpe® from the distribution 
of the Birds divided the Indian region 
into. (1) Indian Peninsular subregion; 

(2) Indo-Malay subregion; (3) Indo- 
Chinese subregion; (4) Himalo-Malayan 
subrdgion, and (5) Himalo-Chinese sub- 
region Blanford* in the Introduction to 
the Mammalia in the Fauna of British India 
divided the region into six subregions 
(1) Tibetan; (2) Himalayan; (3) Indian; 

(4) Malabar or Ceylonese, (5) Burmese, 
and (6) South Tenasserim Newton* and 
Gadow® in discussing the distribution of 
Birds and W L Sclater* of the Mammals, 
followed Wallace, but united his Indian 
and Ceylonese regions into a single unit 
Blanford’ in his classical work on the 
Distribution of the Vertebrates of India, 
divided the whole area into 5 subdivisions: 
(1) The Indo-Gangetic Plain, (2) the 
Indian Peninsula; (3) Ceylon, (4) the 
Himalayas, and (5) Assam and Burma, 
and further subdivided these into 19 tracts 
Alcock® taking the freshwater Crabs as the 
basis for his work divided India into 6 
territories: (1) The Western Frontier 
territory; (2) Western Himalayan territory; 

(3) North-Eastern Frontier or Eastern 
Himalayan or Eastern sub-Himalayan 
territory; (4) Burma-Malay territory; (5) 
Peninsular territory; and (6) Indo-Gange- 
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tic Plain. Annandale* found that the 
distribution of the freshwater Sponges and 
Polyzoa confirmed Alcock’s conclusions, 
but it was necessary to divide the Penin¬ 
sular territory into (a) the main area 
consisting of the Peninsular east of Western 
Ghats, and {b) Malabar zone including the 
Western Ghats from Taptee River to Gape 
Comorin and eastwards to the sea He 
also considered Ceylon as a separate 
territory. Stephenson^ in discussing the 
Geographical Distribution of the Oligo- 
chaeta opined that in addition to the 
territories recognised by Annandale it was 
necessary to separate the narrow southern 
end of the Peninsula below the level of 
Goa and south of the fifteenth parallel 
from the eastern to the western shore as a 
distinct region. Christophers® for the Ano- 
pheline mosquitoes divided India into 6 
areas: (1) Trans-Indus area; (2) Indo- 
Gangetic area; (3) Peninsular area; (4) 
Malabar and Ceylon; (5) Assam and 
Burma; and (6) Himalayan area. Taking 
into consideration the results of systematic 
work on various groups of animals I 
suggested the following scheme:® (1) 
Western Frontier Territory including Balu¬ 
chistan, the North-Western Frontier 
Province and the greater part of the 
Punjab; (2) the Himalayas consisting of 
the Upper Indus Valley with Ladak, 
Gilgit, etc., the Western Himalayas from 
Hazara to the western limit of Nepal, and 
the Eastern Himalayas from the limit 
of the Western Himalayas to the Mishmi 
Hills above the Assam Valley; (3) Assam 
and Burma comprising the greater part of 
the Lower Brahmaputra Drainage System 
and the Burmese territory including Tenas- 
serim; (4) the Gangetic Plain to the east of 
Delhi, and including the whole of the 
Umted Provinces, Bengal, and parts of 
Assam up to the base of the Assam Hills, 
together with the plain of the Brahmaputra 
as far as Goalpara and Gachar, Sylhet and 


the plains of Tipperah; and (5) Peninsular 
India, with the Malabar zone as a very 
distinct subdivision, and Ceylon Malcolm 
Smith* suggested the division of the Indian 
subregion into: (1) the Deseit Aica oi 
North-West India including Baluchistan, 
the North-West Frontier Piovince, the 
Punjab, western Rajputana as far as the 
Aravalli range, and Sind; (2) Kashmir 
and the Western Himalayas as far east 
as, but not including Nepal; (3) the 
Gangetic Plain, extending from the valley 
of the Indus in Sind to the right bank ol 
the Brahmaputra m Bengal, (4) Central 
India—the tract of countiy lying between 
the Gangetic Plain and the Deccan and 
bounded on the west by the Aiavalli range 
and on the east by the Chota Nagpur area; 
(5) the Deccan, consisting ol the greater 
part of the Peninsula of India between 12" 
and 21° north latitude; (6) the Mountains 
of the Malabar Tract and Ceylon, and 
(7) the Chota Nagpur Area, consisting of 
Bihar south of the Gangetic Plain, the 
northern part of Orissa and the eastern 
part of the Central Provinces Rtcently 
Mahendra® from a study of the distribution 
of the amphibian and reptilian species 
divided India into ten provinces: (1) the 
and or semi-arid Province of North India; 
(2) the Western Himalayas; (3) the Trans- 
Gangetic Province; (4) Southern Burmese 
Province; (5) the Gangetic Plain and the 
adjacent country as far south as 20'’ 
latitude; (6) South India below 20 
latitude excluding the Tiavniuoie Pio¬ 
vince, (7) the Travancoie Pio\ince, (8) 
Ceylon; (9) the Andaman Islands, and 
(10) the Nicobar Islands. 

These attempts to divide, the vast an'a of 
continental India, useful as they arc, have 
unfortunately not helped materially in 
unravelling completely the very complica¬ 
ted questions of the origin, distribution 
and relationships of its fauna. In what 
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follows I propose to give a brief outline 
of the faunal constitution and their rela¬ 
tionships for the different parts in 
accordance with my scheme referred to 
above. 

Western Frontier Territory: The fauna of the 
Western Frontier Territory is markedly 
different from that of the rest of the area. 
Practically all the genera of the Verte- 
btates are either Palaearctic (Holarctic), 
or are peculiar to this subregion; the 
relationships of the latter are also with the 
Palaearctic rather than with the Indo- 
Malayan forms. Blanford basing his views 
on the distribution of the Vertebrates 
suggested that this subregion should be 
classified with the Eremian or Mediter- 
lancan subregion of the Palaearctic, and 
this view has been fully confirmed by the 
distribution of the various groups of the 
Invertebrates that have been studied since 
1901 Some forms of the Gangetic Plain 
have also migrated into this subregion, 
but they are of no importance from the 
zoogeographic point of view. The Western 
Frontier Territory consists of desert or 
semi-desert tracts, except near the rivers or 
the artificially irrigated and cultivated 
parts. The annual rainfall is not heavy, 
and the fauna on the whole is poor. 

Himalayas: In the Himalayan subregion 
the ranges above the forest limits, a part 
of the Tibetan plateau and the Upper 
Indus Valley including Ladak, Gilgit, etc , 
constitute a distinct division This aiea is 
very bare, the mountains are perpetually 
covered with snow, and there is a very 
great difference in the altitudes of the 
mountainous ranges on the one hand, and 
of the intervening valleys on the other; 
the annual rainfall is generally low. Our 
information about the fauna of this part is 
not sufficiently detailed, but in the main it 
is almost entirely Palaearctic. In view 
of these faunistic affinities this division 
may later have to be included with the 
Western Frontier Territory. The second 
division consists of the forest zone of the 
Himalayas from near the base to an altitude 
between 10,000 and 14,000 feet, the upper¬ 


most limit of the forest zone. It forms a belt 
of varying breadth between the higher 
mountain ranges and the Indo-Gangetic 
Plain. The rainfall in this divisionisheavier, 
more so in the eastern than in the western 
parts, and the forests of the eastern ranges 
are also more extensive, richer and truly 
tropical A fair number of Palaearctic 
animals from the higher mountain ranges 
wander down into the forests, while a few 
species penetrate northwards into the 
rather warmer valleys from the plains m 
the south. The western forest region has a 
predominantly Palaearctic fauna, while 
the eastern, which has a very marked 
Malayan element, was on this account 
separated with Assam, Burma, etc , into 
what Blanford designated as the Tians- 
Gargetic subregion 

Assam and Burma: In Assam and Buima 
the northern region, comprising the nor¬ 
thern part of the drainage area of the 
Brahmaputra and Assam, consists of hilly 
tracts with dense forests except in the 
plains of Assam; the annual rainfall in 
this tract is fairly heavy Physiographically, 
parts of this area belong to the Indo- 
Gangetic Plain, but its fauna is distinctly 
Burmese In Upper Burma, which is 
roughly the drainage area of the Irawadi, 
there is a large number of hills thickly 
covered by forests, while the undulating 
ground between the mountains is densely 
overgrown by brushwood and high grass, 
the annual rainfall in this region is pretty 
heavy. The Tenassenm area consists of 
two distinct tracts, (i) the northern, 
covered by thick forests on a hilly ground 
and with a fauna of the Burmese type, 
and (u) the southern area which in its 
physiography is similar to the northern; 
the annual rainfall in this tract is not so 
heavy as in the northern area, and its 
fauna is distinctly Malayan The Andaman 
and Nicobar Islands, which are also in¬ 
cluded in this subregion, are covered by 
dense forests and have a heavy rainfall. 
The fauna of these islands is by no means 
identical; the Andamans having an im¬ 
poverished Burmese fauna, while that of 
the Nicobars is undoubtedly Malayan. 
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Gangetic Plain. Since the mam part of the 
Indus Plain has been separately considered 
above in the Western Frontier Territory, 
I use the name Gangetic Plain for the rest 
of the Indo-Gangetic watershed Its extent 
has been noted already, and its physical 
features only need be considered Most of 
the western area is cleared and used for 
cultivation, and only some of the uncleared 
areas are covered by tall grasses The 
annual rainfall generally is not very heavy 
In the eastern part of the area, except for 
the Sunderban forests in the deltaic region 
of the Ganges, the country is similar to 
that m the north-^vestem part, but the 
rainfall is heavier, and there are more 
extensive tracts of uncleared land The 
fauna of the area is generally of the same 
type as that of Peninsular India, but in the 
north-eastern parts there is a large admix¬ 
ture of the eastern or Blanford’s Trans- 
Gangetic types. The freshwater fauna 
shows a very marked similarity and in 
many cases actual identity with the forms 
otcurring in the Indus System 

Peninsular India. The greater part of 
Peninsular India, with the exception of 
the Malabar Tract, consists of either cul¬ 
tivated land or low hilly country covered 
with brushwood or thin forests; the 
average rainfall is from 35-50 inches In 
the Malabar Tract, on the other hand, 
we have the high mountain ranges of the 
Western Ghats and the west coastal area 
of the Peninsula Most of this part is 
covered with thick tropical forests, though 
there are many places near the coast which 
are cleared and cultivated The island of 
Ceylon, like Peninsular India, consists of 
two types of country About three-fourths 
of the island along the north and the 
east resembles the main area of Peninsular 
India, and is almost plain or only slightly 
undulating country of no great elevation, 
with an average annual rainfall of about 
50 inches. The rest or the south-western 
part of Ceylon, like the Malabar Tract, is 
hilly, with nch tropical forests and an 
average rainfall of over 100 inches. 

In this area a peculiar admixture of the 


different faunas seems to have taken 
place In main characteristics the fauna 
of this area differs from that of Blanford’s 
Trans-Gangetic tartly m the absence of 
numerous Eastern types, and paitly by 
the presence of two other distinct consti¬ 
tuents, which form, especially in the 
forests, the majority of the animal popula¬ 
tion of the area One of these constituents 
to which Blanford gave the appiopiiatc 
name—the Aryan faunal element- - consists 
of certain geneia of mammals, buds and 
reptiles The typical genera of this Aryan 
element are, for the most pait, i ('present¬ 
ed in the tropics of Afiica at the picscnt 
day, but do not occur in Western Asia 
or Northern Africa. Other genera ol the 
Aryan element found in Pcninsulai India 
occur in Western Asia and are represented 
at the present day by allied species Both 
these groups of genera arc well lepiesentcd 
in the Pliocene Siwalik Fauna ol the 
Himalayan foothills, and it appears pro¬ 
bable that most of them are descended 
from animals which appeared m India, 
so far as wc know at present, in the 
Pliocene period, a few, howevei, may be 
later migrants On the whole, this Aryan 
element is subtropical lather than tropical, 
and IS best developed in parts wheie the 
rainfall is moderate. Several of its most 
conspicuous and characteristic members, 
such as the Antelope and Nilgai, an' not 
found in the extreme south of India or 
in Ceylon, and they are inhabitants of 
the grassy and bush-covered plains with 
scattered trees, not of dense forests and 
bamboo-jungle in which the gaur and 
the elephant flourish The second consti¬ 
tuent of this fauna is the Indo-Malayan 
or the Oriental element It is more diffuse 
and much more richly represented in the 
damp tropical forests of Malabar and 
Ceylon than in the drier parts of the 
Peninsula. The diffusion of the Indo- 
Malayan element seems to indicate that 
it is older than the Aryan element men¬ 
tioned already, but there can be little 
doubt that it is an immigrant and not an 
indigenous element, for it is only an 
impoverished representative of the typical 
Oriental life found in the countries to 
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the east of the Bay of Bengal. Its main 
representatives are amongst birds and 
mammals, and like the Aryan it appears 
to have migrated into Peninsular India 
about the Miocene times driving the 
earlier Dravidian into high ranges of hills, 
etc Some authors have opined that the 
Oriental or the Indo-Malayan fauna, 
owing to the presence in it of representa¬ 
tives of the Lower Miocene and Oligocene 
faunas of Europe, is of Palaearctic origin 
and that it was driven down into the 
tropics by the diminishing temperature of 
the Holarctic region in the Miocene times 
The third element in this fauna that can 
be recognised distinctly from the other two 
is what Blanford termed Dravidian It 
IS thoroughly tropical and damp-loving, 
and IS only represented by lower groups 
of the Animal Kingdom, vtz, reptiles and 
batrachians. It is probable that this is the 
oldest element and may have inhabited 
the country since India was connected in 
Mesozoic and eady Cenozoic times with 
Madagascar and South Africa, across what 
IS now the Indian Ocean. 

In the fauna of the Peninsula in Malabar 
and Ceylon there is a much greater con¬ 
centration of the Oriental element There 
are, for example, various mammals, rep¬ 
tiles, batrachians, fishes, and invertebrates, 
which are represented in Burma and the 
Malay countries but not in northern India. 
There is also the occurrence of certain 
Himalayan species on the mountains of 
Southern India and in Burma and even 
further south but not in the intervening 
area. These faunal anomalies have been 
explained as a result of the Glacial Epoch, 
but the explanation is not quite satis¬ 
factory, though it is hard to understand 
how otherwise the animals of temperate 
Himalayan types could have migrated to 
the hills of Southern India and Ceylon on 
the one hand, and those of Burma and 
the Malay Peninsula on the other After 
the Glacial Epoch when the country be¬ 
came wanner, the Oriental fauna must 
have migrated rapidly from the south¬ 


east into Eastern Himalayas At the 
present day the comparatively narrow 
plain of the Brahmaputra m Assam is 
far more extensively covered with forests 
than the much broader Gangetic Plain, 
and if, as is probable, the same differences 
existed at the close of the Glacial Epoch, 
It IS easy to understand why the Trans- 
Gangetic fauna of Burma and the south¬ 
east had greater chances of occupying the 
vacant region of the Himalayas than the 
Cis-Gangetic fauna which had been driven 
much further south by the cold A refer¬ 
ence may here be made to the Aethiopian 
element in the fauna of Peninsular India 
As was pointed out by Annandale^ several 
groups of Invertebrates, Sponges, Polyzoa, 
Hydroids, Oligochaetes, Crustacea and 
Mollusca, found in the Malabar tract, 
show a very great affinity, if not distinct 
identity, with the forms found m 
Africa. 

Palaeogeographical Considerations. Finally, 
reference may be made to some Palaeo- 
geographic facts in regard to the origin 
of the Indian fauna The early Tertiary 
or placental mammals of Europe, and 
presumably also those of Asia north of 
the Circum-continental sea, the Tethys, 
drifted either as such or as their descen¬ 
dants by certain routes—of which we have 
only indications—into the fragments of 
Gondwanaland represented by Aethiopian 
Africa on the one hand and Peninsular 
India on the other Meantime, evolution 
went on rapidly to the north of the Tethys 
giving rise to the more modern and highly 
evolved types of mammals. About the 
end df Tertiary times, as a result of the 
receding of the Tethys, communication 
between the northern with the southern 
lands seems to have become easier, and 
this, combined with the climatic changes, 
led to a great rush south-wards of the 
more modem types. These overwhelmed 
the earlier fauna in the southern lands, 
driving its few representatives into the 
more outlying or upland areas, or wiping 
them out altogether off the face of the 


^Annandale N Proc Ninth Congr Internal Zool Monaco, pp 579-588,(1941). 
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earth. In the case of the Oriental region 
the Central Himalayas which had mean¬ 
while risen as the mighty mountain chain 
of Asia and the Tibetan plateaux to their 
north formed a real barrier. In the north¬ 
west, where this mountain chain is com¬ 
paratively less higher and less continuous, 
this barner was not so effective, but the 
Afro-Asian and belt which is continued 
into India as the Sindh desert, formed a 
very efficient barrier. Through the passes 
in the north-west of the Himalayas the 
recently evolved mammals found their 
way into India, but naturally only forms 
which could withstand and conditions or 
were adapted to mountain life, were able 
to use this route. The areas further to the 
east, which have been clothed for a long 
time with forests and are without high 
mountain barriers, offered greater facilities 
for the spread of animals adapted to 
wooden regions India proper may thus 
be conceived as having had two converg¬ 
ing streams of immigrants, one coming 
from the north-west and the other from 
the north-east In view of the fact that 
the Indian Peninsula narrows southwards, 
it is clear that very few representatives of 
the Tertiary fauna in this area could 
successfully withstand the inroads of the 
more highly evolved immigrants from the 
north. The area to the east of the Assam 
neck, or the region where the Bay of 
Bengal pushes upwards towards the 
Himalayas narrowing the country into a 
bottle-neck shape, was, however, more 
favourably placed in this respect, as only 
a few immigrants were able to traverse 
the Assam neck Further, as the members 
of the earlier fauna were pushed south 
wards by the incomers into an area of 
almost equatorial climate, it is not difficult 
to surmise that survival was possible only 
for such forms as could adapt themselves 
to the highly specialised climate and 
surroundings. As a result this earlier 
element of the fauna was mainly wiped 


out, and at the present day is only poorly 
represented in the area. 

Faunal Anomalies: In this account 1 have 
not considered the very interesting cases 
of the occurrence of identical aquatic 
species in the Indus and the Gange.s i iver 
systems, which at the present clay consti¬ 
tute quite distinct and unconnected sys¬ 
tems. This has been explained on the 
hypothesis of a continuous liver in place 
of the two liver systems dunng the 
Tertiary times The mighty iivor, which 
has been designated the Indobiahm by 
Pascoe or the Siwalik River by Pilgiim, 
is supposed to have run fi om the east to 
the west and broken up into three iivei 
systems with the elevation of the Hima¬ 
layas, resulting in similar foims being left 
in the different river systems' Siimlaily 
closely allied, if not identical, aquatic 
species which occur m Bengal-Assam legion 
on the one hand and Peninsular India on 
the other, are to be explained on the basis 
of very different nvei systems during the 
Tertiary times in these areas, and the 
changes that occurred dunng recent geo¬ 
logical times due to river captuies, be¬ 
heading of nvers, etc In this connection 
the continuity of the mountain langes of 
the Ghota Nagpur Plateau westwards to 
the Satpura range and eastwards to the 
Himalayas has also been suggested, and 
it is surmised that along this continuous 
chain of mountain ranges the migration 
of the Himalayan aquatic fauna to Penin¬ 
sular India took place. Further work in 
connection with these problems is, how¬ 
ever, necessary before they can be 
satisfactorily dealt with. Similarly the 
occurrence of Typhloperipatus in the Abor 
Hills of Assam, Herpele in Assam, Pseudo- 
mulleria in the Kadir Hills of Mysore and 
other archaic types needs a great deal 
more of intensive zoological work before 
their relationships and distribution can 
be properly understood. 


For a detailed discussion of the present position in reference to this Tertiary river, see Prashad B Ree 
Geol Smv Ind, LXXIV, pp 555-561, (1939). 


CONSERVATION OF WILD LIFE IN INDIA 

B Prashad 

(delivered at Calcutta, 1943) 


There is very little to comment upon m 
the way of development of scientific 
research in the country to what I stated 
in my address last year, but attention 
may be directed to the fact that in view 
of the urgent war requirements a great 
deal of attention has been paid during 
the year to applied scientific and indus¬ 
trial research. Scientific research in basic 
sciences has generally been relegated to 
the background while the prevailing con¬ 
ditions in the country during the year 
made it impossible for workers and 
teachers being able to devote sufficient 
time or attention either to research or 
the teaching of science. Special mention 
may here be made of a further develop¬ 
ment in the constitution of the Board 
of Scientific and Industrial Research and 
the Industrial Utilization Committee 
which were estabhshed by the Govern¬ 
ment of India in 1940 for co-ordinating 
and generally exercising administrative 
control over the ever-expanding activities 
of these two organizations The Govern¬ 
ment of India have recently constituted 
a Governing Body of the following. (1) the 
Hon’ble Member of the Council of His 
Excellency the Governor-General in charge 
of the portfolio of Commerce (Ex-offtcw); 

(2) a representative of the Commerce 
Department of the Government of India, 
appointed by the Government of India; 

(3) a representative of the Finance Depart¬ 
ment of the Government of India, appoint¬ 
ed by the Government of India; (4) two 
members of the Board of Scientific and 
Industrial Research elected by the said 
Board; (5) two members of the Industrial 
Research Utilization Committee elected 
by the said Committee; (6) the Director 
of Scientific and Industrial Research, and 
(7) one or more members to be nominated 
by the Government of India to represent 


interests not otherwise represented. The 
functions of the Board have been further 
elucidated, and it has also been decided 
that a fund, viz, the Industrial Research 
Fund, should be constituted by grants 
from the Central Revenues to which 
additions will be made from time to time 
as funds become available from other 
sources. These ‘other sources’ will com¬ 
prise grants, if any, by Provincial Govern¬ 
ments, by industrialists for special or 
general purposes, contributions from Uni¬ 
versities or local bodies, donations or 
benefactions, royalties, etc., received from 
the development of the results of industrial 
research, and miscellaneous receipts. 
The Council of Scientific and Industrial 
Research will exercise full powers in 
regard to the expenditure to be met out 
of the Industrial Research Fund subject 
to Its observing the bye-laws which will 
be framed by the Governing Body of the 
Council, from time to time, with the 
approval of the Governor General-m- 
Council For extending the work of the 
Board, it has been suggested that Pro¬ 
vincial Advisory Boards of Scientific and 
Industrial Research should be established 
by the Provincial Governments to form 
liaison with the Central Board Welcome 
as these developments are, it is unfortunate 
that more representatives of principal 
scientific bodies, societies and Universities 
from different parts of the country have 
not been included either in the main 
Board or the Council of Scientific and 
Industrial Research. Our Institute has 
been pressing for such representation 
since the date when the estabhshment of 
these bodies was first contemplated,and 
it is hoped that authorities concerned will 
take steps to make good this omission at 
an early date. Mention may also be made 
of the establishment of a Utilization Branch 
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of the Geological Survey of India; this 
should ensure the rapid development of 
the mineral resources of the country, and 
add fresh laurels to the brilliant achieve¬ 
ments of the oldest scientific service in 
the country 

It would be a truism to reiterate that 
we are living in times when great con¬ 
fusion of thought pervades almost all 
spheres of life As a result of scientific 
advances and their application to modern 
warfare most well-established values on 
which man used to base his sense of security 
have lost nearly all significance. Naturally 
under such conditions of stress and tur¬ 
moil, which are influencing practically all 
spheres of life, doubts and fears are ex¬ 
pressed about all plans and programmes 
of development, and the suggested re¬ 
medies often appear contradictory and 
conflicting. Scientists are equally influ¬ 
enced by this unstable state of affairs, 
and there can be little doubt that if they 
are to serve the best interests of humanity 
—for that after all is the sme qua non of 
all progress, whether scientific or other¬ 
wise—they can no longer continue to 
develop as pure Scarabees. In addition to 
being specialists in some scientific subject 
they must, one and all, have a good 
knowledge of various social sciences, and 
become as conversant as possible with the 
pressing needs and problems of humanity 
as a whole Equally with this training of 
the scientists more attention will have to 
be paid to the education of the general 
public in matters pertaining to science 
and Its applications These two essentials 
are, both of them, undoubtedly long-term 
projects, but if scientists are to do more 
than simply act in an advisory capacity 
deahng with special problems as they arise 
and without reference to their social con¬ 
tacts, it is undoubted that these two 
essentials must receive urgent considera¬ 
tion at the hands of the Government and 
the scientists themselves. Carefully con¬ 
sidered long-term programmes must be 
drawn up in regard to the future of science 
and scientists, and in this connection it 
is urgent that the importance of organizing 


scientific effort should be fully realized. 
It is also essential to cmphasi/c that the 
development of pure science should not 
be curtailed as a result of such organiza¬ 
tion, for as Professor Bernal so eloquently 
expressed in a recent article 'Theic is no 
reason, however, for the fear that as a 
result of the experience of the wai the 
development of free science will be cur¬ 
tailed or stunted Eflective oiganization 
of science implies neithei an exclusive 
concern with problems of immediate appli¬ 
cation nor the subjecting of .scientists to 
the discipline of a rigid and unimaginative 
bureaucracy Those who have been wink¬ 
ing for an improvement of the iiiesenl 
chaotic system of science m the diiection 
of using it more effectively for human 
welfare realize fully that any such deve¬ 
lopment would immediately frustrate their 
ends. If applied science was exclusively 
followed, the basic principles on which 
any new development, however practical, 
must depend would never be elucida¬ 
ted ’ 

Unfortunately, almost all developments m 
India within recent years have been 
directed towards the organization of 
Applied Science as opposed to Puie 
Science The importance of this develop¬ 
ment cannot be underrated but moie 
attention must be paid to see that with 
the development of Applied Science mort* 
facilities are provided for pure scientific 
studies and research, and it is in this 
connection that the National Institute of 
Sciences can render invaluable service to 
the country. Pure Science also rcquiics 
not only increased endowments but more 
equipment, for as Professor Armstiong has 
rightly summed up. ‘Good workshops and 
good teachers mean able students and 
first class research, a steady flow to a 
progressive industry.’ Let us hope that 
this point of view will not be lost sight 
of by the authorities in this country and 
that as soon as conditions permit, efforts 
will be made by our Institute to have 
better facilities provided for the develop¬ 
ment of Pure Sdence equally with those 
provided for applied scientific work. 
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Conservation of Wild Life in 

India 

Compared with other living creatures man 
is relatively a new-comer on the face of 
the earth. Even according to most liberal 
estimates primitive man did not appear 
till about a million years ago. In this 
relatively short period he has developed 
from a very primitive cieature to a highly 
evolved dominant personality on the face 
of the earth Man m the course of this 
period passed through various stages of 
development which, according to the 
material used by him for his tools, are 
respectively named the Stone Age, the 
Bronze Age and the Iron Age In very 
early stages he began by shaping tools 
from bits of stone or bone, and it was 
only later that through gradual and hard 
experience he learnt to work metals which 
have played such an important role in 
the evolution and development of the 
present-day civilization. During this period 
of earth’s history man has very materially 
influenced the plant and animal worlds,and 
his relationships with both these have be¬ 
come extra-ordinarily varied and intricate. 
In the earlier stages man’s relations with 
at least the larger animals were those of 
direct competition in a very keen struggle 
for existence The animals supplied the 
major part of his food and primitive 
clothing and various other products that 
he required for his very simple way of 
life Later, however, when he assumed 
greater mastery over the surroundings in 
which he lived, he, in addition to agri¬ 
culture, took to domesticating certain 
classes of animals for making them his 
help-mates and companions. Several of 
them, such as the cattle and the horse, 
not only proved invaluable in connection 
with the advance of civilization but gradu¬ 
ally made it possible for man to occupy 
the proud position which he holds on the 
face of the earth today. Inter alia it may 
be noted that authorities are at variance 
in regard to the exact sequence of the 
agricultural and animal husbandry activi¬ 
ties of early man. Modem man through 
horticulture and animal husbandry has 
developed numerous varieties of ealtfevtated 


plants and domesticated animals which 
have made available a very large tango ol 
food materials for his use With the 
advance of civilization has also been per¬ 
fected a very complex and rapid system 
of communication and transportation, and 
this renders it possible for man to enjoy 
not only the seasonal products of one area, 
but of almost all parts of the world In 
fact, as a result of these developments 
animal and plant products from different 
areas are, m normal times, easily distri¬ 
buted all over the globe. 

No substitutes for plant and animal pro¬ 
ducts, which are so essential for human 
existence, have so lai been discovered 
and in spite of all scientific advances, 
man is still and will remain dependent 
on plant and animal worlds foi liis con¬ 
tinued existence. In both international 
and national interests, therefore, it is of 
the utmost importance that carefully con¬ 
sidered long-range programmes for the 
conservation of wild life be adopted all 
over the world 

In earlier times extensive areas of un¬ 
disturbed forests and uninhabited parts 
m almost all countries piovidcd safe 
sanctuaries where wild life was able to 
survive and even flouri'h, but changed 
conditions as a result of the lapid advance 
of civilization and over-population, the 
gradual conquest of forests and gi ass- 
lands, the opening up of new roads and 
waterways, and highly improved methods 
of transport have today left very few areas 
where wild life can continue to live un¬ 
disturbed by man. These factors have had 
and are continuing to have a very devas¬ 
tating effect on wild life. With these deve¬ 
lopments fortunately a gradual change is 
taking place in man’s outlook towards 
Nature. This change is due to the spread 
of education, and the realization of man’s 
dependence on natural resources. Apart 
from humanitarian measures, authorities 
are gradually becoming alive to the in¬ 
herent dangers underlying ifie unconjyoUed 
destruction of wild hfe, i This movement 
for the protectiqa: of Nature and so of 
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wild life had its origin barely 50 years 
back. Though the European nations paid 
a fair amount of attention to this highly 
important question, it was the Americans 
who led the field and set an example as 
to what could and ought to be done for 
the preservation of wild life. In the United 
States of America particularly the occupa¬ 
tion and development of vast outlying 
stretches of the country, the extensive 
spread of agriculture and consequent dis¬ 
appearance of forests and grass-lands, the 
drainage of lakes and marshy areas, and 
the ever-increasing demands of industry 
have been responsible for a very great 
reduction in wild life, both of plants and 
animals. The tragedy was fortunately 
foreseen fairly early and has been averted, 
though only to a very limited extent, by 
the establishment of extensive National 
Parks or Reserves which, it was hoped, 
would provide inviolable sanctuaries for 
and preserve wild life. Such sanctuaries, 
onginally established in the United States 
of America, have since been set apart in 
Canada, New Zealand, Australia and the 
Union of South Africa. In the Kruger 
National Park, which was founded in 1898 
as the Sabi Game Reserve and changed 
into the Kruger National Park in 1926, 
South Africa has one of the most extensive 
and well-managed sanctuaries Mention 
may also be made of ‘Parc National 
Albert’ in Belgian Congo, which was 
created by a Royal Decree in 1925 and 
greatly enlarged in 1929, in 1934 by a 
Royal Decree its functions were greatly 
extended and entrusted for management 
to the Institute for the National Parks of 
the Belgian Congo which was established 
with Its headquarters at Brussels. This 
National Park was due to the incessant 
efforts of the great naturalist, Carl Akeley, 
an American nature-lover who devoted 
all his energies to its establishment. In 
addition to preserving the rapidly dwind- 
hng fauna of the area, this park has saved 
from almost certain extinction the Gorilla, 
which next to man is the King of Primates. 
Protection of Nature movement in Germany 
and adjacent countries proved very valu¬ 
able in connection with the conservation 


of wild life m the areas concerned, and 
extensive National Parks were established 
in Switzerland, Germany, Italy, Sweden, 
Spain, Holland and Czechoslovakia The 
cause of conservation was further advanced 
by various International Confei’cnces. In 
1900 the British Government convened 
an International Conference in London 
for the preservation of animals, birds and 
fish in Africa The convention was signed 
by seven powers interested in Africa, and 
was to remain in force for 15 years. In 
1913 an International Conference for the 
Protection of Nature was licld m Berne 
at which 17 Governments were repre¬ 
sented. The mam result of the work of 
this conference was to establish a central 
organization for dealing with the question 
of wild life preservation on an international 
basis. The world war of 1914-18 unfortu¬ 
nately greatly delayed the adoption of tin* 
recommendations of the Berne conference. 

In 1903 a society for the protection oi the 
fauna of the empire was founded in 
England by Mr E N Buxton ‘with the 
object of awakening public interest in the 
assemblages of wild fauna still sui'vivmg 
in every part of the British Empire, anil 
taking such steps as may be possible to 
save them from extinction, further to co¬ 
operate with kindred societies in the 
Dominions and Golomes or in foreign 
countries with regard to any conjoint 
efforts’. After the world war of 1914-18 
greater attention was directed towards the 
preservation of fauna in most parts of the 
world, for as was so well expressed by the 
president of the society, the Rt Hon Eard 
of Onslow, ‘The whole world is becoming 
so speedily opened up to travellers, traders, 
tourists and settlers, and so much un¬ 
cultivated land is coming under the 
plough that unless some more or less 
drastic measures are taken to preserve the 
distinctive fauna it must obviously dis¬ 
appear entirely’. The society started active 
work for the preservation of the fauna of 
the empire soon after the world war, and 
its revised rules, which were passed on 
April 27, 1928, were brought into force 
from 1st of May, 1928. Since this date 
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the society began to wield a great deal 
of influence in connection with the pre¬ 
servation of the fauna of the empire. 
Reference may also be made here to the 
American Society for International Wild 
Life Protection and the Dutch Society, 
for the International Wild Life Protection, 
which have done a great deal to further 
the cause of conservation of wild life in 
their respective spheres In 1931 at the 
instance of the French Government an 
important International Conference for 
the Protection of Nature was arranged by 
the staff of the Natural History Museum 
of Pans. Representatives of Belgium, 
Czechoslovakia, Germany, Great Britain, 
Holland, Italy, Latvia, Norway, Poland, 
Rumania, Spain and the United States of 
Ameiica attended the confercnce, and 
very useful spade work was carried out 
lor the foimation of a central official 
international organization for the protec¬ 
tion of wild life An International Con¬ 
ference for the protection of the fauna 
and flora of Africa was convened in 
London in 1933. As a result of its deli¬ 
berations It drafted a convention for the 
better preservation of the fauna of this 
continent Among the measures suggested 
were the establishment of sanctuaries. 
National Parks, Strict National Reserves 
and other Reserves The conference re¬ 
commended that all settlements in 
National Paiks should be controlled so 
as to ensure that as little disturbance as 
possible is occasioned to the natural fauna 
and flora It also recommended that 
special steps should be taken to restrict 
the export and import of trophies, to 
stop the use of motor vehicles or aircraft 
for the purpose of hunting, killing or 
capturing or driving away, stampeding or 
disturbing animals, and finally the use of 
poisons or explosives or poisonous weapons 
or the use of nets, pits or enclosures, bins, 
traps or snares, or of set guns and missiles 
containing explosives for hunting animals 
should be prohibited. Mr E C Stuart 
Baker, who is a recognized authority on 
Indian birds and wild life, attended this 
conference as one of the observers on 
behalf of India. In a report, .whiidh he 


submitted to the India Office, he con¬ 
cluded that the results embodied in the 
report of this conference provided a valu¬ 
able basis for any measures that may be 
under consideration for the preservation 
of indigenous flora and fauna of India. 
With a view to deciding whether it was 
desirable for the Government of India to 
become a contracting party to the con¬ 
vention, either in whole or in part, he 
suggested that the report should be 
considered by the Government of India 
at a special conference of representatives 
of the Government of India, the Pro¬ 
vincial Governments, the Indian Stales 
and the adjoining territories of Nepal, 
Bhutan, etc About the same time the 
Society for the Preservation of the Fauna 
of the Empire m London addressed a 
letter to the India Office directing atten¬ 
tion to the urgent necessity for the pro¬ 
tection of wild life in India With the 
letter it supplied memoranda dealing with 
the position of indigenous game in some 
of the provinces and offered to supply 
expert advice in case the Government of 
India decided to arrange for a conference 
on the subject. Meanwhile the Bombay 
Natural History Society, which ever since 
Its foundation in 1883, has by intensive 
propaganda and through the medium of 
its Journal and various publications been 
rendering very useful service in creating 
and stimulating interest in the wild life 
of the country, started publishing in 1934 
a series of beautifully illustrated articles 
on the wild animals of the Indian Empire 
and the problem of their preservation. 
This series of articles provided a detailed 
account of the distribution of mammals 
in the country together with illustrations 
of the more important mammals, and the 
condition of game in different parts of 
the country including Burma. The articles 
were written by authorities with intimate 
first-hand knowledge of the problems of 
the different areas, and as a result it was 
possible for the authors to indicate exactly 
the measures that should be taken for the 
protection of wild life in the different 
parts, as also of how these measures could 
be best given effect to. The Government 
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of India also had been alive to the ur¬ 
gency of the situation and at their instance 
detailed enquiries in connection with the 
protection of game were being carried 
out all over the country. After the pre¬ 
liminary enquiries were completed, the 
Government of India convened an All- 
India Conference for the Preservation of 
Wild Life at Delhi in January 1935 with 
a view to reviewing the position of the 
fauna and flora as it existed at the time 
and considering generally the protection 
of the animals peculiar to India The 
conference adopted a set of resolutions 
and prepared two lists of species, first of 
animals that were to be protected as 
completely as possible, and second of 
those which ‘while not requiring such 
rigorous protection’, shall not be hunted, 
killed or captured except under license 
granted by competent authorities The 
conference laid special stress on the esta¬ 
blishment of wild life sanctuaries, and 
desired the contracting parties to explore 
the possibilities of establishing sanctuaries 
in which hunting, shooting, killing or 
captunng of all animals was to be pro¬ 
hibited except under the control of the 
authorities responsible for the manage¬ 
ment of the sanctuaries It was agreed 
by the conference that the duty of pre¬ 
serving the fauna should be assigned to 
the forest departments in the areas under 
their charge, but at the same time urged 
the necessity of co-operation of police and 
magistracy in carrying out the necessary 
measures of protection Resolutions were 
also passed for the closest co-operation 
between the forest departments and Asso¬ 
ciations that may have been or are 
established with a view to the preserva¬ 
tion of game and wild life It also laid 
stress on the introduction of nature study 
in the country and for carrying out such 
propaganda as would popularize with the 
general public the urgent necessity of 
preserving wild life, as without public 
support no efforts to preserve wild life 
would be really effective. It, therefore, 
recommended that societies for the pro¬ 
tection of wild life in the country should 
make propaganda a principal part of 


their work. This was fuither stiessed by 
the chairman of the conference, the late 
Sir Fazl-i-Hussain, the Hon’ble Meinbci 
in charge of the Depai tment of Education, 
Health and Lands of the (Jovernnicnt of 
India, in his closing icmaiks ‘Even at 
this stage, I would repeat one point and 
that IS you should not expect much fiom 
the Provincial Governments or legislatures, 
but if you do propaganda in the right 
direction in the provinces where the powei 
will rest, you will achieve youi object’ As 
a result of the deliberations of this con¬ 
ference an All-India Clonvention foi the 
preservation of fauna of India was diafied 
It was hoped that the convention would be 
adhered to by all Provincial Governments 
and the States, and that the signatories 
of the convention would adopt all possible 
measures for the protection ol' the wild 
life in the areas undei then juiisdiction 

Here it would be useful to include a short 
summary of the legislative measuies which 
were in foice foi the piotection of wild 
life in British India piioi to the date of 
the All-lndia Clonleicncc foi the Preser¬ 
vation of Wild Life I’hese measures con¬ 
sisted of (1) Wild Birds and Animals 
Protection Act of 1912, and (2) the Indian 
arms Act—both of which were appluable 
to the whole of Biitish India, (3j the 
Provincial Game Rules under the Act of 
1912; (4) Provincial Forest Act and Rules 
thereunder, and (5) Provincial Acts deal¬ 
ing with protection The Provincial Game 
Rules and Forest Acts had unfortunatidy 
been drawn up lather haphazardly and 
were often contradictory In addition, no 
definite authorities had been set apart for 
enforcing these legislative measures parti¬ 
cularly in regard to the poaching and the 
indiscriminate destruction of game, etc. 
There was no control .of trade in meat, 
hides, skins and trophies, and at the same 
time there was no provision for the res¬ 
triction of the modern methods of traffic 
such as motor cars and aeroplanes which 
were proving disastrous to wild life all 
over the world. Cases of shooting animals 
from motor cars after they became ex¬ 
hausted as a result of long chase had been 
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reported. A more up-to-date and com¬ 
prehensive measure was enacted in the 
Punjab Wild Birds and Wild Animals 
Protection Act of 1933, while the rules 
made thereunder provided for the better 
protection and preservation of certain 
wild animals including birds and fish. It 
later resulted in the appointment of a 
Game Warden for seeing that the rules 
were strictly enforced and the protective 
measures were as comprehensive as 
possible In addition, under the rules. 
District Fauna Committees were to be 
established in all districts for performing 
functions assigned to them under the rules 
and for advising generally about the pro¬ 
tection of the fauna m their respective 
districts Acts on similar lines were also 
passed in the Central Provinces in 1934 
and the United Provinces in 1935, while 
measures were under consideration in 
other provinces. Mention may also be 
made here of the Bengal Rhinoceros Pre¬ 
servation Act of 1932, which prohibited 
the killing, injuring or capturing of wild 
rhinoceros m Bengal Under the Act 
every wild rhinoceros killed or captured 
otherwise than by permission was to be 
the property of the Local Government 
and stiff penalties were provided against 
contravention of the Act A small sanctuary 
for the preservation of rhinoceros in Bengal 
was also established m Jalpaiguri district 
In 1934 a very great advance was made 
in the United Provinces through the 
great personal interest taken by the 
enlightened Governor of the Province, 
Sir Malcolm Hailey (now Lord Hailey), 
as a result of which the National Parks 
Act of 1934 was passed. This Act provided 
for the establishment of National Parks 
and for the preservation of wild animal 
hfe or other objects of scientific interest 
and for incidental matters provided there¬ 
in. As a result the Hailey Park was de¬ 
marcated as a National Park in the 
famous Patli Boon and the hill forests to 
the south of it consisting roughly of an 
area of 99 07 square miles. Under the 
Act the word ‘animal’ was defined as 
‘mammals, reptiles or birds’, and it was 
an offence to kill, injure or disturb any 


animals or to take or destroy any eggs 
or nests of any birds in the park. The 
conditions under which the people were 
allowed to enter or reside m the park 
were laid down in the Act and were to 
be enforced by the forest department In 
Assam certain areas had already been 
demarcated as game sanctuaries and more 
stringent action was being taken to pre¬ 
serve wild life which according to some 
reports had been reduced by almost 75% 
within recent years. Reference may also 
be made here to the Chamrajanagar 
Sanctuary of the Mysore State Foiests 
which had been established with a view 
to offering complete immunity for animals 
and thereby making it possible for them 
to thrive without interference. Introduc¬ 
tion of other not found in the 

area was to be attempted, and the sanc¬ 
tuary was to provide facilities for the 
scientific study of the Iife-histories of 
different indigenous species of game 

Mention may also be made of the valuable 
work which the Association for the Pre¬ 
servation of game in the United Provinces 
has been carrying on ever since its founda¬ 
tion After the All-India Conference for the 
Preservation of Wild Life this Association 
extended its sphere of work to the whole 
of India, and mjuly 1936 started publish¬ 
ing a journal entitled The Indian Wild 
life Its aims and objects arc very 
comprehensive, and the two Honorary 
Secretaries, Major J Corbett and Mr 
Hasan Abid Jafry, have been carrying 
on valuable work in connection with the 
protection of wild life throughout British 
India and in most of the Native States 
as well. Unfortunately, owing to the 
abnormal conditions resulting from the 
war, the membership of the Association 
has fallen off and it has had to stop 
publication of its journal, but it is to be 
hoped that this is a temporary setback, 
and before long it will be possible for the 
Association to restart publication of 
journal and carry on its activities sfi- a 
more extensive scale. 

From the above k -vvill be seen that a 
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certain amount of spade work had been 
done and vanous provinces were becoming 
alive to the urgency of adopting measures 
for the protection of wild life in the areas 
under their control. Unfortunately, how¬ 
ever, only one aspect of the conservation 
of wild life had been considered in all 
these plans, viz , that of the protection 
of game mainly from the point of view 
of sport Further, in all the measures 
suggested and partially adopted the work, 
except in the Punjab, was to be carried 
out by agencies which were already over¬ 
burdened with work, and naturally the 
task of looking after wild life was some¬ 
thing which It was not possible for them 
to carry out efficiently in addition to 
their normal work. 

The problem of wild life conservation is 
not, however, so simple as would appear 
from the measures which have been taken 
in this country so far. In fact the multi¬ 
plicity of the problems involved m any 
scheme of wild life conservation has begun 
to be realized only within very recent 
years. The greatest advances in this con¬ 
nection have again been made in the 
United States of America, where under 
the President’s Reorganization Plan No 
III a Bureau of Biological Survey was 
constituted on June 30, 1940, by the 
consolidation of the Bureau of Biological 
Survey and the Bureau of Fisheries, this 
Bureau is responsible for the conservation 
of wild life m the extensive continental 
area of the United States of America. 

It is not possible to give in this address a 
detailed analysis of all the factors which 
must be considered in detail in connection 
with any scheme of wild life conservation, 
but it is essential to point out that, if 
wild life conservation is to be a success, the 
conservation of soil, waterways, forests 
and grass-lands must receive simultaneous 
attention. The disastrous effects of man’s 
activities on soil and water resources, 
whether direct or indirect, conscious or 
unconscious, are very serious indeed. As 
an example of direct and conscious 
influence of man on waterways may be 


mentioned the pollution of avers, strcam.s, 
lakes, etc. through the dumping of huge 
quantities of refuse and sewage ol large 
cities, as also of the untreated law wastes 
of laige industrial concerns. Such pollution 
materially affects plant and animal life ol" 
these waters, and has been known m many 
cases to have destroyed extensive and 
valuable fisheries. Indirect and unconscious 
destruction of soil for agncultiiial develop¬ 
ments has similarly done a gieat deal of 
harm. In this connection it is unfortunately 
seldom realized that most schemes of 
development of large tracts of countiy, 
whether as living centres oi as agiicultuial 
land, unless carefully planned, often have 
very serious repercussions on the plant and 
animal life of the area. Nature woiks m a 
vicious circle and the interdependence ol 
all these factors is now fully recogm/ed by 
all authorities It would sullice, theiefoie, 
to point out that unconti oiled deforestation 
or the utilization of gra.ss-lands foi agiiciil- 
ture and other purposes icsiilts m a gieat 
erosion of the soil and reduction of lainfall 
Rivers, sticams and other waterways 
become silted resulting in the flooding ol 
adjacent areas, and watei conseivation 
becomes a very pressing question With 
the fall of waterlevel the country in 
general becomes dry and barien 'The 
land becomes almost useless for agncultiiii' 
and does not produce even enough of grass 
or fodder The repercussions of all tlie.se 
on the wild life in the area are, equally 
serious, as with the disappearance of grass¬ 
lands and forests very few sanctuaries are 
left for wild life. 

To undo even a small amount of the 
damage to organic resources which has 
resulted from the rapid spread of civiliza¬ 
tion would require carefully planned 
long-term programmes of reconstruction, 
and the development of new social concepts 
in regard to colonization, agriculture, 
irrigation, forestry and other allied activi¬ 
ties of man. In its broadest sense, conserva¬ 
tion of organic resources, as has been so 
well sunomed up by I N Gabrielson, the 
Director of the Fish and Wild Life Service 
of the United States Department of the 
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Interior, ‘means restoring to the highest 
possible level and maintaining in a state 
of high productivity those resources, 
including wild life, that can be used on a 
crop basis to sustain human society’. It 
will be clear, therefore, that in connection 
with any scheme for wild life conservation 
measures must also be adopted for ensuring 
that soil, water resources, forests and grass¬ 
lands are equally conserved 

In wild hfe management the existence and 
operation of ecological communities in the 
domain of nature and man’s relationships 
to them have to be recognized and also the 
Tundamental fact that man’s activities 
often have been and are responsible for 
disturbing ecological communities For all 
schemes of wild life conservation it is 
essential, therefore, to attempt to restore 
natural balance which has been and is 
being disturbed by human activities With 
increased occupation of outlying countries 
resulting in deforestation and disappea¬ 
rance of grass-lands, soil erosion becomes a 
material menace, rainfall decreases and 
the problem of water conservation becomes 
more and more acute Land gradually 
becomes impoverished and is not capable 
of producing enough for the human beings 
in the area, much less of providing food 
and shelter for wild life In all recent 
schemes of wild life management, therefore, 
the questions of soil erosion and program¬ 
mes of re-forestation and increasing grass¬ 
land areas are considered as important as 
the direct measures for the protection and 
conservation of wild life. With the informa¬ 
tion at present available most conservation 
programmes must of necessity be of an 
experimental nature They should deal 
with a few species m restricted areas so 
that the results could be properly watched 
and tabulated. Only such work will 
gradually enable us to acquire the much- 
needed data and techmeal knowledge for 
evolving proper schemes of general ecolo¬ 
gical management. Meanwhile wild life 
management must be planned on the 
ecological and biological data that are at 
present available. In the large area of the 
sub-continent of India the problems of 


wild life conservation are bound to be 
very complex, but as soon as possible a 
programme of conservation must be formu¬ 
lated which would deal not only with the 
necessity of preserving a few species of 
game but the conservation of animal and 
plant life in general 

Recently the Hon’ble Sir Jogendra Singh, 
Member for Education, Health and Lands 
of the Government of India, in his address 
to the meeting of the Board of Forestry 
rightly stressed the responsibilities of the 
forest officers in regard to tree plantations 
in villages He remarked that. 

'The need of 7,000,000 villages in the matter ol 
tree plantation has so far received scant attention. 

It may be useful to take a group of villages and 
start plantations Land should be lented lor the 
purpose and trees planted to provide fuel and tim¬ 
ber and grass for feeding the cattle These village 
plantations may prove of great economic value, 
saving the cow dung for manure, and may 
even provide large quantities of material for 
making humus and manure.’ 

Indicating another direction in which he 
felt forest officers could do useful work. 
Sir Jogendra Singh referred to the vast 
areas which owing to climatic conditions 
cannot be cultivated He suggested that- 

‘It might be possible to lift water lor irrigation 
for starting plantations and to giow tices which 
require a minimum amount of water An ex¬ 
periment in this diiection may enable the afforesta¬ 
tion ol the areas which now he waste, and are 
classed as culturable but cannot be cultivated.’ 

Such a scheme would not only result in 
extending the greatly dwindling forests but 
also provide grazing area for the cattle 
and wild herbivores, besides affording 
much-needed sanctuaries for wild hfe In 
addition, the result of such a scheme of 
afforestation is sure to help in checking 
soil erosion and indirectly assist m water 
conservation through consequent increase 
in rainfall. 

It is essential that similar schemes should be 
initiated in connection with irrigation 
plans which, while increasing the area of 
irrigated lands in the country, have 
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materially influenced the plant and animal 
life of the streams, rivers, etc. The problems 
of water conservation in the country are in 
fact as important as those of the afforesta¬ 
tion and conservation of grass-lands, and 
if these problems are properly tackled, 
they are sure to go a long way towards 
the solution of the problems of wild life 
conservation. Finally, the authorities res¬ 
ponsible should see that the recommenda¬ 
tions of the Wild Life Conference of 1935 
are implemented and carried out as far as 
possible. Though various provinces are 
more or less autonomous in regard to the 
management of the areas under their 
charge, it should be remembered that wild 
life conservation in the country cannot be 
carried out on a provincial basis. The 
multifarious problems involved cannot be 
tackled properly until the all-India nature 
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of the problem is realized and a separate 
department of the Central Government 
made responsible for this work While 
leaving the local problems to various 
Provincial Governments and Native States, 
a central department should be responsible 
for dealing with the policy of conseivation 
of wild life for India as a whole. 

I am afraid, I have given a more oi less 
disjointed picture of a very vast problem 
I have tried to indicate that protection of 
game alone though urgently called foi is 
not enough, and that steps should be taken 
to draw up and adopt a long-term scheme 
of wild life conservation as a whole on an 
all-India basis Until this is done it will 
not be possible to preserve and conserve 
the greatly impoverished wild life on the 
country. 


I 
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Professor JG GHosH was L>orii at Puttxlia, 
West Bengal on September 4-, 1893, JE-le 

received his PhD degree from Univei sity 
of Galcntta specializing in electro¬ 
chemistry. Professor Ghosh was the 
Professor and Head, Department of Ghe- 
mistry, lUniversity of Dacca (1921-39) , 
Director, Indian Institute of Science (as a 
successor to Professor GV Raman) ;Director 
General, Industries and Supplies, Govt, of 
India, first Director, Indianlnstitute of Tec¬ 
hnology, KLharagpur, the Vice-Ghancellor, 
University of Galcutta and hleniher of the 
Planning Gommission He w^as an active 
member of All India Gouncil of Technical 
Education and President of Principals 
of Technical Institutions in India. H!e was 
the General President, Indian Science 
Gongress (1939). 

Professor Ghosh was ihe person who placed 
the theory of strong electrolytes on a 
permanent footing. The concept of electros¬ 
tatic forces between ions came to be univci - 
sally accepted He is also known for his 
work on Photochemistry, Eermentation 
Technology, High Prcssui e and Indiistiial 
Gas l^eactions lie will always be remem¬ 
bered for his role in the promotion of 
Education and Science and Technology 
in the country. 


"•“ciiecl in 1958 
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J G Ghosh 

(delivered at Delhi, 1943) 


I am thankful to the Fellows of the 
National Institute of Sciences for the great 
honour which they have done me by 
electing me their President for the session. 
This IS a time for great decisions and I 
feel weighed down by a heavy sense of 
responsibility. I must also confess that due 
to difficulties of travel m these days from 
Bangalore to Calcutta, I have not been 
able to take as active a part in the adminis¬ 
tration of the affairs of the Institute as 
your past Presidents have done. You have 
established the convention that a President 
lemains in office for two years. It is a good 
convention if the President is resident in 
headquarters. It may become a good 
convention after the war, when a night’s 
flying will bring the President from any 
part of India to headquarters But until 
that day comes, it is worthwhile consider¬ 
ing if a President who does not reside in 
headquarters should remain in office for 
more than a year 

I have much pleasure in welcoming today 
several distinguished visitors from overseas. 
Prof Hill holds a position of the highest 
eminence in the field of science, as 
secretary of the Royal Society, and a 
member of Parliament who has taken keen 
interest in the application of science to the 
problems of war and peace, he is particu¬ 
larly fitted to give us valuable advice in 
our deliberations today He has brought 
with him the following message from the 
President of the Royal Society which I 
wish to read out to you:— 

am asking Professor Hill to transmit, through 
you, Mr President, the cordial greetings and 
friendly sentiments of the Fellows of the Royal 
Society of London to the Fellows of the National 
Institute of Sciences of India. We have the confident 
hope that one of the results of Professor Hill’s visit 
will be to strengthen the bonds of understanding 
and true comradeship between our Indian collea¬ 
gues and the men of science of this country.’ 


I wish to assure Prof Hill on your behalf 
that we deeply appreciate the cordiality 
of this message and warmly reciprocate 
the feelings expressed therein. 

I am glad that Professor Bernal is here 
with us today. I am told that his fresh 
mind working in the new field of scientific 
warfare has achieved wonderful results 
He will be interested to know that most 
men of science m India work and live m 
the hope that the common man of this 
land will soon come to his own; and this 
symposium on Post-war Organisation of 
Scientific Research in India is inspired 
by the hope that modern developments in 
science and technology, if utilised to their 
fullest extent, can give him a fuller and 
more satisfying life. I also extend cordial 
welcome to Dr Zuckeimann and other 
overseas visitors who have accepted our 
invitation to attend this function A country 
IS great where the hour finds the man - -a 
capable man at each post of duty, and in 
her hour of need, England did not find 
her men of science wanting May their 
example be an inspiration to us I 

Ten years ago, the Indian Science Congress 
Association appointed a Committee to 
devise a scheme of a Central Organisation 
which will effect co-ordination between 
scientific academies, societies, institutions. 
Government scientific departments and 
services. As a result of their devoted and 
p ainstakin g work, the National Institute 
of Sciences of India was founded in 1935 
with a Council consisting of a President, 
six Vice-Presidents, two Secretaries, a 
Foreign Secretary, a Treasurer and 22 
ordinary members of Council. Of the six 
Vice-Presidents, four are nominated—one 
each by the Indian Academy of Sciences, 
the National Academy of Sciences, the 
Royal Asiatic Society of Bengal and the 
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Indian Science Congress Association Of 
the 22 ordinary members of the Council, 
four are nominated in the same manner 
as the Vice-Presidents. 

This constitution of the Council is designed 
to ensure that the relationship of the 
Science Academies and the learned socie¬ 
ties in India to the National Institute is 
of co-operation between independent 
bodies In no case has it been suggested that 
our relationship is one of subordination or 
affiliation like that existing between the 
French Academies and the Institute of 
France. Our aim has always been to 
provide a reservoir of knowledge and 
experience available for application to 
the study of all scientific problems connec¬ 
ted with the general welfare of the country. 
We have in the past tried partially to 
achieve this aim by regularly holding 
symposia on problems of wide scientific 
interest But no serious attempt has been 
made until recently to implement objective 
2{d) in the Articles of our Association 
which reads as follows — 

‘To act thiough properly constituted National 
Committees, in which other learned Academies and 
Societies will be associated, as the National Research 
Council of India, for undertaking such Scientific 
work of national and international importance as 
the Council may be called upon to perform by the 
public and by Government ‘ 

Men of science m India have rendered 
whatever service they could with their 
limited resources in aid of war-effort when 
called upon to do so. They felt, however, 
that they could have rendered more 
effective service if a National Research 
Council were in existence In England the 
War Cabinet is helped by a Scientific 
Advisory Committee which has been set 
up under the Lord President of the Council, 
and a magnificent machinery of scientific 
research and development have been 
created both for offence and defence and 
for maintaining a stable base of health 
and welfare at home. In a broadcast from 
Delhi on the 5th December last. Professor 
Hill observed ‘that the history of the present 
war has taught us that to neglect research 


is to invite calamity The Battle of Biitaiii 
depended on the courage and skill of a 
few brave young men m Hunicanes and 
Spitfires—but it depended also on the 
knowledge and skill of a few scientists 
sitting behind cathode ray tubes The 
Battle of the Atlantic has depended on the 
courage and skill of sailors and an men, 
but It has depended also on the scientists 
and engineers who devised and used the 
means of mteiceptmg the U-lioats and 
confounding their devices The fact that, 
in spite of oui hardships, the health and 
good humour of the people in Britain aie at 
least as high as in ordinal y times, has 
depended on vigorous admmisti ative action 
based on knowledge of nutrition, health 
and even applied psychology' 

In his recent Pilgrim Trust Lee tin e to the 
Royal Society, President K T (lompton 
of the Massachusetts Institute of 'reclmo- 
logy has described the wai-time scientific 
organisation of the United States ol 
America First they iieated the National 
Roster of Scientific and Specialised 
Peisonnel. Do you wish to know the name 
of all Americans who possess a knowledge 
of epidemiology and chemotheia])), who 
aie competent m tlie diagnosis aiul contiol 
of protozoal and bacteiial infections, have 
a knowledge of the Hmdusthani language 
and have' travelled in the tropics^ 
To secure this information, the stops of the 
punch-card sorting mechanism are fnished 
in at the appropriate places, the cards are 
ground through the machine, and all tho.se 
who conform to the above specifications 
fall out together. Next they established 
the office of Scientific Research and 
Development with Dr Bush, President of 
the Carnegie Institute of Washington, as 
Director This office places annual con¬ 
tracts of the order of 100 million dollars 
with about 100 research institutions and 
200 industrial laboratories and engages 
6,000 scientists and engineers for the 
execution of these contracts. Then they 
have the National Defence Research 
Committee, Joint Committee on New 
Weapons afid Equipment, the National 
Inventors’ Council and, finadly, the office 
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of Production Research and Development 
of the War Production Board. In countries 
like Great Britain and the USA, which 
lead the scientific-cum-industrial procession 
of the present era, the need for mobilising 
scientific talent to the fullest extent is 
considered imperative. How much more 
should It be so in India where only a 
promising start has been made in the 
path of scientific exploration! Sir A 
Ramaswamy Mudaliar at Bangalore the 
other day noted with satisfaction that the 
Board of Scientific and Industrial Research 
had done excellent work in this direction, 
and It is also very encouraging to learn 
that H E the Commander-m-Chief and 
his advisers are keenly interested in the 
scientific work that is in progress in the 
Delhi laboratories of the Board. But one 
cannot help feeling that much more could 
have been done to enlist the scientific 
talent of this country in aid of war-effort. 

Men of science, by training and instinct, 
are averse to wasting their breath over 
might-have-beens; it is the present and 
future that interest them more than the 
past Now that the Victory of the United 
Nations is in sight, planning for peace 
has become as important as toiling for 
war. In the progressive countries of the 
world, organisation of scientific research 
IS considered a vital element of post-war 
reconstruction, and such research is being 
planned with a crusading zeal We have, 
however, not yet had any definite evi¬ 
dence that those who control the destiny 
of India share this view. If past history 
is any guide, we have every reason to be 
extremely alert Under the stress of the 
last Great War, the Government of India 
addressed the Secretary of State as follows: 
‘After the war, India will consider her¬ 
self entitled to demand the utmost help 
which the Government can afford to 
enable her to take her proper place as a 
manufacturing country’. It was hoped 
that in accordance with the spirit of this 
declaration, scieptjfic and technical re¬ 
search so essential for the promotion of 
industries would receive a great impetus. 
But such hopes were nipped in the bud 


by the Inchcape Retrenchment Com¬ 
mittee. While in Great Britain, far- 
reaching steps were being taken to pro¬ 
mt-te scientific and technical research by 
the establishment of Research Associations 
in co-operaion with industrial interests, 
and new scientific laboratories under the 
Department of Scientific and Industrial 
Research and institutions of University 
rank were being planned, built and 
equipped on a vaster scale, the Govern¬ 
ment of India, in the decade following 
the war, attached little importance to 
scientific research as an agency for human 
betterment. Heads of the central scientific 
services found to their dismay that any 
suggestion for maintenance of status quo 
or for modest legitimate expansion was 
invariably ignored if based on claims of 
research Some of the existing research 
institutes were expected to be self-support¬ 
ing; and I am told that this recommenda¬ 
tion of the Inchcape Committee was 
given effect to m the case of the Imperial 
Veterinary Research Institute at Muk- 
teswar which was required to balance 
Its budget by the sale of biological pro¬ 
ducts The Government of India, which 
IS ultimately responsible for the manage¬ 
ment of the Indian Institute of Science, 
appointed a committee in 1921, with Sir 
William Pope as chairman and Sir 
Asutosh Mookerjee as a member, to 
report on the future lines of development 
of the Institute The committee recommen¬ 
ded the addition of eight new departments 
to the Institute at a capital cost of twenty-five 
lakhs of rupees and an additional annual 
recurring expenditure of five lakhs ofrupees. 
No attempt whatsoever was made to 
implement the recommendations of this 
authoritative Committee and the annual 
grant to the institute remained stationary 
in the interwar period, 1920-1939. 

Lord Reading is reported to have said 
that when he was the Viceroy, he some¬ 
times had the idea of intensive planning 
for better living on a big scale, but he 
was too busy in day-to-day administra¬ 
tion to get down to it; and he doubted 
if any Viceroy would find the time. It 
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is no wonder, therefore, that when the 
great depression came in 1930, the 
Government of India had no plan but 
severe retrenchment to meet the situation. 
In America, public opinion is so thoroughly 
convinced of the benefits of research in 
industry and national life that, during 
the great depression, research budget was 
practically untouched—and in some 
cases the last to be cut, and in 1940, 
the year before the USA entered the war, 
the annual expenditure for research 
amounted to 300 million dollars In 
India, on the other hand, the research 
departments were the first to suffer and 
suffer grievously Thus the Geological 
Survey of India, which is the pivot on 
which every planning for industrial pro¬ 
gress must rest, lost a third of its strength. 
The Geodetic and Trigonometrical Survey 
of India lost half its strength The Zoolo¬ 
gical Survey of India fared likewise In 
a country where heavy mortality has 
been the black spot of the administration, 
the annual grant ofRs 5,00,000 for medical 
research to the Indian Research Fund 
Association was discontinued. There was 
one silver-lining however, due to the 
personal interest of the ex-Viceroy, the 
Imperial Council of Agricultural Research 
was established and continued its bene- 
ficient activities with adequate financial 
support from the State. 

In the circumstances, the Council of the 
National Institute of Sciences felt that 
the time had come when the scientific 
men of India should gather together and 
formulate a plan for post-war organisa¬ 
tion of scientific research in India. Accor¬ 
dingly, they arranged a symposium on 
that subject which was held in Calcutta 
on the 27th and 28th September last. 
We are thankful to the Hon’ble Sir Azizul 
Haque for having taken a keen interest 
in this symposium and opening the pro¬ 
ceedings with a sympathetic and encourag¬ 
ing speech. 

The following tentative proposals were 
adopted: 

I. The Council of the National Institute 


of Sciences ol India be authoiised to take 
necessary steps for the oiganisation of 
a National Research CJouncil consti¬ 
tuted under the statutoiy authoiity of 
the Government of India. The National 
Research Council shall be directly les- 
ponsible to the Government and have the 
following functions: 

(ff) To plan the main lines ol scientilu woik iii 
accoidance with national needs, (o iomiulate 
schemes foi the above pin pose, to leviiw and 
modify the same whenever neiessaiy and to 
recommend ways and means foi implementing 
the results of accomplished lebearches 
(b) To ensure balanced divtlopmeiit ol all hiaiuhes 
of science, and minimise overlapping 
(f) To advise and help lelevani authoiities re¬ 
garding the tiaining and supply of siK'iitilu 
personnel foi pure and applied itseaith. 

Constitution 

Mational Research Council The National 
Research Council shall consist of scientific 
and technical experts not excc't'cling 60 in 
number, the majoiily of whom shall be 
elected by non-oflicial .scientific oiganisa- 
tions, including Universities and institu¬ 
tions of University rank, the icmaining 
number being nominated by the Govern¬ 
ment of India fioin among the scicntilic 
and technical expert.s 'Flie Piesident oi 
the National Research Council shall be 
nominated by the Goveuunent of India 
from among the mcmbeis A Vice- 
President shall be elected by the National 
Research Council from among its mem¬ 
bers A whole-time salaried Secretary 
shall be appointed by the National 
Research Council for cairying on it.s 
work, who will not be a member of the 
Council. 

Governing Body of the National Research 
Council: There shall be a Governing 
Body of the National Research Council 
which shall consist of the following: 

The President and Vice-President of the 
National Research Council and the Chair¬ 
man and Vice-Chairman of each of the 
Boards. 

Boards of Research: For the performance 
of its functions the National Research 
Council shall constitute the following 
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Boards of Research from among its own 
members, each of which will be respon¬ 
sible, within Its own particular sphere, 
for giving effect to the policy of the 
National Research Council: 

1. Board of Scientific Research, 

2. Board of Agricultural Research (Soils, 
Crops and Animal Husbandly), 

3. Board of Medical and Public Health 
Research, 

4 Board of Engineering Research, 
and such other Boards as may be con¬ 
sidered to be necessary 

't’he 'maximum number of members of 
each of the Boards of Research shall be 
50 The National Research Council shall 
appoint the Chairman and Vice-Chairman 
of the Board and shall co-opt 
eminent scientific workers in different 
branches in consultation with non-official 
scientific organisations, Universities and 
institutions of University rank, scientific 
departments of the Government and 
Federations of Chambers of Commerce 

Research Committees- For the performance 
of its work, each Board will be authorised 
to constitute Research Committees for all 
important subjects, to settle the objectives 
of research, indicate the individuals or 
organisations which could undertake the 
several component parts of the enquiry, 
receive and co-ordinate the resulting in¬ 
formation, make it available to those who 
will turn it to advantage and to form a 
national plan into which all who are in 
a position to contribute information can 
fit their particular lines of research. 
Governing Bodies of National Research 
laboratories, when established, shall be 
constituted in consultation with the rele¬ 
vant Research Committees. 

II. The Government of India be requested 
to form development corporations for the 
performance of functions analogous to 
those performed by the Research Enter¬ 
prises Ltd. in Canada. The National 
Research Council shall be represented on 
the Governing Bodies of the development 
corporations. 


III. To enable effect being given to the 
policy of scientific development deter¬ 
mined by the National Research Coun¬ 
cil, the Government of India should 
make a grant of five crores of rupees per 
annum. 

It was decided further that these proposals 
be circulated to the Government scientific 
departments, Universities, learned societies 
and unattached institutions for expression 
of their views, and discussed, with a view 
to their being given effect to, at another 
symposium meeting to be held at Delhi 
towards the end of the year at which 
representatives of the relevant organisa¬ 
tions would be invited to be present. 

These proposals have been given wide 
publicity They will be discussed again 
in the symposium today. I am very glad 
that many learned societies and scientific 
institutions have sent delegates to this 
conference, and I extend to them on 
your behalf a very cordial welcome 
Doubts have been expressed whether it is 
possible or even desirable to bring the 
whole domain of natural science within 
the purview of one central council In 
the Soviet Union, the Academy of Science 
has long been an integral pail of the 
Government in the planning of scientific 
and technological expansion m all its 
blanches. There are advantages m such 
centralisation if the workers are imbued 
with real team spirit. But where such 
spirit is absent, the central machinery 
may wear away rapidly by too much 
friction. Then again, it has been point¬ 
ed out, that at the present moment, several 
departments of the Government of India 
are interested in scientific research— 
Departments of Industries, Supply, Lab¬ 
our, Communications, Agriculture, Edu¬ 
cation and Health. The question has 
been asked, that supposing the Govern¬ 
ment of India agree to the creation of 
a central National Research Council, 
what should be the relation of this Council 
with these important departments of Cen¬ 
tral Government? Some apprehend that 
such a central council may not be always 
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wise and may not be helpful in develop¬ 
ing that initiative in all grades of scientific 
workers which is essential for success in 
research. The Governing Bodies of some 
of the existing institutions would wish to 
be assured that their autonomy would 
not be ultimately undermined by a 
generous policy of assisted research in 
their scientific laboratories. These are 
some of the difficulties that have been 
brought to my notice. They are not 
insurmountable; and I feel confident that 
given goodwill, they may be removed 
by patient discussion What I consider 
essential is that we should all feel that 
post-war organisation of scientific research 
IS a vital problem which must be lifted 
clear of the arena of dispute, that it will 
not do to pay only Iip service to the 
principles of planning and that science 
must be harnessed to the task of better 
living in India. 

I feel that it will be a great advantage if 
research in all branches of science and 
industries were made the special respon¬ 
sibility of a Member of the Viceroy’s 
Cabinet, and the proposed National 
Research Council with its constituent 
Research Boards—the Board of Scientific 
Research, the Board of Agricultural 
Research, the Board of Medical and 
Public Health Research, the Board of 
Engineering Research, etc.—were set up 
under this Hon’ble Member close 
co-ordination between a Research Board 
and the corresponding Development Board 
being effected by a large number of 
common membership. The great Depart¬ 
ments of Industries, Supply, Labour, 
Communications, Agriculture, Education 
and Health in the Central Government 
would thus not only remain fully cognisant 
of the progress of researches under the 
auspices of the National Research Council, 
but what is more, they will be entrusted 
with the duty of implementing the results 
of the accomplished researches through 
the respective Development Boards func¬ 
tioning under them. 

In my address at the last symposium, I 


pleaded that 0 1% of the national income 
might be set apart for research and another 
0 1% for the training of leseaich woikcis 
This was generally accepted at the meet¬ 
ing and It was lesolved that to enable 
effect being given to the policy of scientific 
development by the National Reseat ch 
Council, the Government of India should 
make an annual grant of five croies of 
rupees. I find that I have been too modest 
The Parliamentaiy and Scientific Com¬ 
mittee in Great Biitain have recently 
made recommendations of a fai-teaching 
character They deploie that in the period 
1919-1939 Great Britain began to fall 
behind other countiics like the United 
States of America or Russia m the scale 
in which reseaiches were earned out and 
applied to technological developments in 
many fields During the piescnt wai, 
British scientists and enginceis have de¬ 
monstrated that theii capacity and in¬ 
ventive genius aie unsurpassed It is now 
recognised that in the post-wai period m 
Gicat Britain, leseaich and its applica¬ 
tion must be on a far boldei and more 
imaginative scale than m the penod 
1919-1939, and the Committee have ic- 
commended that Great Britain ought to 
look forward to spending ten times as 
much annually after the wai on re.seaich 
and development, in order to piovide the 
necessary basis without which Biitish 
industry and agriculture cannot meet the 
needs of the future. 

I cannot help quoting again from the 
eloquent address of Professor Hill to 
which I referred before: ‘Wc must insist 
that the cheapest and most certain 
method of human Iietterment is the im¬ 
provement, in Benjamin Franklin’s words, 
of useful knowledge. If a country’s poor 
and undeveloped let us spend more on 
research not less: the amount we can 
possibly spend is insignificant—only 1 or 
2*^ of the national income anyhow—and 
will bring a very handsome dividend. As 
Herbert Agar says this is a time for 
greatness —-wt must either be great or 
dead—and one important clement of 
greatness is intelligence. Stupidity and 
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ignorance are not compatible with great¬ 
ness.’ 

‘In what ways can science help us directly 
in promoting human betterment^ In 
England now we are contemplating a 
vast expenditure on housing, in the next 
20 years ^^2,000 milhon or 2,600 crores 
of rupees One per cent of that spent on 
research, on design, materials, building, 
heating, lighting, ventilation and ameni¬ 
ties, will certainly make the new houses 
many times 1% better, healthier and 
more efficient We are, in fact, already 
devoting whatever effort we can spare 
from the war to research on building 
We mine 20 crores of tons of coal annu¬ 
ally—1% of Its cost spent every year on 
research will certainly improve the effici¬ 
ency of Us utilisation by many times 1% 
We’re intending to spend half at least 
of that by a joint co-operative effort 
between Government and the industry 
Theie are 60 million people m the Colonial 
Empire The Colonial Research Com¬ 
mittee, under the chairmanship of Lord 
Hailey, is able to spend ^500,000 or 6| 
million rupees annually of Government 
money as soon as research workers are 
free from their war duties Its purpose 
IS by research to improve the welfare of 
the Colonial peoples It sounds a lot but 
It only comes to one or two annas a 
head Your Dcpaitment of Scientific and 
Industrial Research is allowed to spend 
10 lakhs of rupees per annum It’s doing 
very fine work for your country, as I’ve 
seen already for myself, but the cost is 
only l/25th of an anna for each inhabi¬ 
tant of India It could usefully spend ten 
times as much. Your annual budget now 
I’m told is 600 crores of rupees; 1% of 
that is 6 crores. My scientific friends in 
India would be very happy indeed if 
they could look forward to anything like 
that. In England I suppose we spend 
;^50 million a year on medical treatment 
and to this might be added several times 


the amount for time and health wasted 
owing to preventable diseases. Medical 
research in all its forms does not spend 
more than 1% of that. The Industrial 
Research Associations in England spent 
in 1938 about half a million pounds—a 
very small fraction of 1% of the annual 
value of British industrial production. 
I want my listeners to get one very simple 
idea into their heads—1%. It doesn’t 
sound very much. Let us aim at giving 
1% of national budget, 1% of the value 
of our industrial and agncultural pro¬ 
duction, 1% of the loss due to ill-health, 
1% of the cost of our food, our transport, 
our houses, our water, our coal, even our 
broadcasting, to research—and in ten 
years we shall find that we’re getting 
back not 1% but 10 or 20 or 40 or 200% 
in dividends. .’ 

‘If those who call themselves “practical 
men” object, let us remember Francis 
Gallon’s definition of the practical man— 
“the practical man is the man who 
practises the errors of his forefathers” . ’ 

“Perhaps in India you will be able to profit 
by our mistakes One piece of advice, 
however. I’m confident in giving, namely 
that It’s worthwhile devoting a gieater 
fraction of yout national effort to scientific 
leseaich and technical development and 
I’d like to leave you with the three 
words—“one per cent” ’ 

I re-echo his noble words and would like 
you to press for an annual grant of Rs 25 
crores for scientific and production re¬ 
search and training of research personnel. 
I conclude with the hope that the Govern¬ 
ment of India will take courage and swim 
with the current of modern world’s en¬ 
lightened opinion and not cling to cautious, 
wooden and antediluvian policies which 
will perpetuate Ignorance, Poverty and 
Disease m this land. 
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I am sorry that I am not present with 
you at the Annual General Meeting of 
the National Institute of Sciences of India. 
As you are aware, early in 1944, an in¬ 
vitation was received by your Council from 
the Royal Society to send a represen¬ 
tative to London to discuss with the officers 
and Council of the Royal Society the 
whole question of the establishment and 
recognition of an all-India Society of 
eminent scientific workers The Council 
felt that the President should be the 
representative to be entrusted with these 
delicate negotiations. Accordingly I joined 
the delegation of Indian scientists who 
were invited by H M Government to 
visit the United Kingdom to study on 
the spot how science has been organised 
and utilised there for the prosecution of 
the war. I hoped that I would be able 
to return to India early in Decembei, 
but the Government of India thought 
that the Indian Scientific Mission could 
with advantage also visit the United 
States of America and Canada so that 
their experience might become more use¬ 
ful for the post-war planning of scientific 
training and research in India. Hence it 
is that I shall be in the Tennessee Valley, 
USA, and not in Nagpur on the day of 
the Annual General Meeting 

On the 7th of November, we had the 
privilege of meeting the British Scientific 
and Parliamentary Committee in the 
Houses of Parliament. The Committee 
felt that Great Britain was falling far 
behind the USA and USSR in the scale 
in which financial provision was being 
made for scientific research; they look 
forward to spending at least four times 
the present available funds annually after 
the war in order to provide the basis 
without which British Science cannot 
effectively meet the needs of the future. 


As a matter ol fact, the Royal Society 
appointed at the end of 1943 cxpeit 
Committees in Physics, Chemistry, Biology 
and Bio-chemistiy, Geology and Geo¬ 
physics to leport on the needs of re.seaich 
in fundamental sciences after the wai 
They estimate that provision will have to 
be made for one million pounds a year 
for ordinary expenditure on leseaich in 
these fundamental subjects ‘'I’his liguic 
of a million pounds tloes not incliuie th(‘ 
capital cost of building new laboratoues 
or extensions or lenovations to laboia- 
toiies, which m many cases aie ie(|uiie(l in 
order that the mcicase m stall'and leseaich 
activities can be accommodated These 
were considered to be a cliu'ct respon¬ 
sibility of the Universities and weie, 
therefore, not included in the leseaich 
bill It also does not include the .salaric's 
of (permanent) academic stall (in Umvei- 
sities and Reseaich Institutes loi pine 
science) but it does include the oiclinai) 
costs of their ic.scaich woik’ It is hoped 
that a million pound grant will bc' distri¬ 
buted annually by H M Goveinmeiit 
through the Royal Society to the Univei- 
sities for research in fundamental sciences 

In India, research is still a responsibility 
of the Central Government and, 1 hope, 
will continue to be so in future. If the 
needs of Universities and research insti¬ 
tutes in the UK, whose resources arc 
incomparably greater than those of similar 
institutions in India, are being so carefully 
looked into now, how much more im¬ 
perative is it for us to make a similar 
review of our post-war needs of research 
in fundamental sciences? I hope that the 
Council of the Institute will take up this 
matter for serious consideration early next 
year and put up comprehensive proposals 
before Government. The Government of 
India are now considering post-war plans 
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for universal primary education and ade¬ 
quate secondary and technical education; 
and it is time that they are fully informed 
of what we consider as reasonable re¬ 
quirements for higher scientific education 
and research in the country. 

The Council of the Institute with the 
approval of a large majority of the Fellows 
have taken the momentous decision to 
tiansfer our headquarters from Calcutta 
to Delhi (a) on the following conditions: 
(i) that suitable accommodation be made 
available in Delhi, (u) that an annual 
grant of Rs. 15,000 be sanctioned by 
Government to meet the travelhng ex¬ 
penses of Fellows for attending meetings 
of Council; and {b) on the understanding 
that the National Institute of Sciences of 
India will be granted a Charter and given 
statutory authority on the model of the 
Royal Society. It is not possible yet to 
announce any definite results, but I feel 
that we have no reason to be dissatisfied 
with the progress of our negotiations with 
the Government of India and H M 
Government I shall be failing in my 
duty if I do not express on this occasion 
my warm appreciation of the help which 
Professor A V Hill has rendered us in 
this connection He spent the winter of 
1943-44 in India as a representative of 
British Science and as an Adviser of the 
Government of India on the orgamsation 
of scientific research He expressed fully 
the opinion that the National Institute 
of Sciences of India is the nearest equi¬ 
valent in India of the Royal Society and 
recommended to Government that statu¬ 
tory recognition be given to our Institute 
as the body best suited by constitution 
and membership to assume the role of 
a national academy of sciences such as: 

The Royal Society (London), 

The National Academy of Science 
fWashincrton), 

The Academy of Science of the USSR 
(Mmcow). 

It is a welcome sign of the time that the 
Government of India :^uld be taking 
a keen interest in the development of 


industrial research in the country. The 
Council of Scientific and Industrial 
Research, which has now been attached 
to the Department of Planning and Deve¬ 
lopment, appointed early in 1944 an 
Industrial Research Planning Committee 
consisting of influential representatives of 
business and science, to report on the 
steps and measures that should be taken 
to promote, direct, control and organise 
industrial research activities in India. In 
response to a request by the Committee, 
the Council of the National Institute of 
Sciences submitted the following memo¬ 
randum, which I consider of sufficient 
interest to be quoted in full 

‘At a symposium organised by the National 
Institute of Sciences of India on this 
subject, held at Calcutta on the 27th 
and 28th September, 1943, and concluded 
at Delhi on the 30th and 31st December, 
1943, It was recommended that a National 
Research Council should be created, with 
a Member of the Viceroy’s Executive 
Council as its President, and that it should 
function through four Research Boards as 
follows: 

1 Board of Scientfic Research (Mathematics, 
Statistics, Physics, Chemistry, Botany, Zoology, 
Geology, Geography, Psychology, etc ) 

2 Boaid of Agricultural Research (Soils, Crops, 
Animal Husbandry, Fishery and Forestry) 

3 Board of Medical and Public Health Research 
including Medical Science. 

4. Board of Engineering Research including Mining, 
Metallurgy 

And such other Boards as may be considered to be 
necessary. 

The President of the National Research Council 
shall appoint the Chairman of each Board in 
consultation with the National Research Council. 
The Vice-Chairman shall be elected by each Board 
from amongst its members. 

It was contemplated that all the existing 
research organisations should be fitted into 
the above scheme. The terms of reference 
to the Scientific and Industrial Research 
Planning Committee are, however much 
narrower. They exclude any consideration 
of agricultural, medical and public health 
research. 
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The views of the Council of the National 
Institute of Sciences of India are as 
follows:— 

(t) There should be created a Board of Scientific 
and Industrial Research under the direct 
control of a Member of the Viceroy’s Execu¬ 
tive Council who should, if possible, be also 
the controlling authority for scientific research 
in all branches of knowledge. 

(ii) The Board should consist of (a) a General 
Council, of which the Chairman shall be the 
Miember of the Viceroy’s Executive Council 
m charge, and (b) an Executive Committee. 
(tti) The General Council may appoint Research 
Committees as approved m the resolutions 
passed at the Delhi symposium 
(zz;) Finances: The Central Government should 
provide an adequate initial capital giant 
which may amount to at least 10 crores of 
rupees for bringing into existence the various 
laboratories for conducting industrial le- 
searches. Such industrial researches should be 
of two categories: long-term research which 
will include research of fundamental problems 
and short-term research pertaining to the 
immediate needs of industries For the present 
the following laboratories may be envisaged* 
National Chemical Laboratory 
National physical Laboratory 
National Metallurgical Laboratoi y 
Fuel Research Institure 
Glass and Ceramics Research Institute. 
Fertilisers Research Institute. 
Electrochemical Research Institute 
Textile Research Institute. 

Institute of Dyestuffs Ghemisliy 
Institute of Fermentation Technology 
Radio Research Institute, 

Leather Institute. 

Institute of Food Research and Technology, 
(z;) Constitution of the General Council and 
Executive Committee: It is considered that a 
majority of the members of the General 
Council and of the Executive Committee 
should be scientists. 

(vi) Existing Research Institutions* The scientific 
departments of the Indian Universities and 
the research institutions should be encouraged 
to improve their research facilities and should 
be invited to participate m the programme 
of research that may be laid down by the 
Board by generous grants-in-aid. 

(vu) Training of Research Workers: Funds should 
be allotted in an adequate measure for the 
training in research of able post-graduate 
science students in laboratories of Universities 
and Research Institutions wherever capable 
investigators in the permanent staff are avail¬ 
able to guide and supervise the work of such 
students, and the Universities and Research 
Institutions should be encouraged to develop 
and maintain permanent schools of research 
on specific lines by generous grants-in-aid/ 


We hope that the Ciommittcc will take a 
very wide view of their functions and make 
far-reaching recommendations for the 
benefit of Indian industries and India. 

The suggestion that ten ciorcs of lupccs 
should be provided as capital outlay foi 
bringing into being several all-India 
research laboratories in the essential 
branches of science and industry may 
appear extravagant to those who aie 
familiar with Indian conditions only, oi 
with scientific depaitmcnts of British 
Universities. In England, I was greatly 
impressed by many magnificent icscarch 
organisations outside the UnivcisUies, eg 
The National Physical Laboratory, 'The 
Royal Aircraft Research Estabhshnieni, 
The Anglo-Iianian and Shell Grouj) 
Organisation, The Brown-Fiith Research 
Laboratories, I'he Shirley Institute, ami 
the Imperial Chemical Industries Reseaicli 
Laboiatory. The last-mentioned labora¬ 
tory has in its staff about one thousand 
able research woikers representing almost 
all branches of science and has a recurring 
annual expenditure of two million pounds 
In the USA, scientific and mclustnal 
research has been developed on a vast(*r 
scale, and an expenditur’c of five* million 
dollars a year in a laboratory is not c'on- 
sidered at all exceptional. Such lal)ora- 
tories are often integral pails of tlu^ 
giant industrial concerns which dominate* 
American business. But sometimes they 
are the outcome of private generosity; 
for instance, the Mellon Institute at 
Pittsburg. This Institute was founded in 
1911. The two brothers, Andrew and 
Richard Mellon, felt that their vast wealth 
could not be better used than by establish¬ 
ing a Research Institute which will help 
manufacturers, who have little research 
facilities of their own, to develop new 
products or improve old processes. Such 
an Institute will be a strong force in the 
direction of improving the standard of 
living through discoveries and inventions. 
The magnificent laboratories built for 
this Institute in 1937 have set up a new 
standard for research institutes, evm in 
America, 
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Pittsburg IS the centre of researches on 
coal in the United States. The Council 
of Scientific and Industrial Research in 
India naturally attaches the greatest im¬ 
portance to the study of Indian coals 
and is anxious to establish a National 
Fuel Research Laboratory at Dhanbad 
on an adequate scale even in war time. 
I was, therefore, anxious to familiarise 
myself with the nature of investigations 
that were being earned out m the various 
laboratories at Pittsburg, which I visited 
in mid-December. Researches on the pro¬ 
duction of coke from Amencan coal, on 
the recovery of by-products and on the 
design and fabrication of coke oven plants 
are being carried out in the laboratories 
of the Research Division of Koppers Inc. 
in Pittsburg We visited their latest plant 
at Kearney N. J which handles b5 million 
tons of coal every year The heat balance 
in the ovens is so perfect that we walked 
about the basement underneath the ovens, 
we were told that this space would be 
used for stores and office purposes. 

Production of industrial chemicals by low 
temperature oxidation of coal is the 
primary concern of the Goal Research 
Laboratory of the Carnegie Institute of 
Technology, Pittsburg. The Bureau of 
Mines Research Laboratories were pri¬ 
marily interested in the piocesses of coal 
analysis, in complete gasification of coal, 
and in carbonisation both at low and 
high temperatures In view of the plentiful 
supply of petroleum available in America 
there was little interest in the synthetic 
production of liquid hydrocarbons either 
by the Bergius process or Fischer-Tropsch 
process. In 1942, the Bureau of Mines, 
however, started research on Fischer- 
Tropsch reaction and in 1944, Congress 
approved the new synthetic liquid fuel 
programme which would extend over a 
period of five years in the first instance. 
The appropriation for the purpose, for the 
year 1944-45, has been increased to three 
million dollars. It is now recognised that 
the development of the Fischer-Tropsch 
process offers great possibilities not only 
for the production of synthetic fuel but 


also as a source of raw materials for a 
great variety of chemical products such as 
wax, fats, synthetic rubber, plastics, etc. 

Some of us, who have worked on Fischer- 
Tropsch reaction in India, cannot help 
suffering from a sense of frustration when 
we compare our exceedingly meagre re¬ 
sources with those that are at the disposal 
of the workers on this problem not only 
in the USA but also in the UK; and 
sometimes from a sense of despair at the 
inadequacy of our facilities we feel like 
giving up this work altogether Yet the 
contnbution on this subject from the 
laboratories of the Dacca University and 
the Indian Institute of Science is generally 
recogmsed as of considerable significance 
I feel that a short account of this work 
will not be out of place. 

The Fischer-Tropsch process originally con¬ 
sisted in passing synthesis gas containing 
a mixture of carbon monoxide and hydro¬ 
gen in the ratio of 1: 2, carefully purified 
from sulphur compounds, over catalysts 
whose main ingredients were cobalt and 
keiselguhr; under suitable conditions, as 
much as 150 grams of liquid petroleum 
can be obtained from 1 cu.m of synthesis 
gas Cobalt is a comparatively rare metal, 
and in times of war is not obtainable m 
most countries. The same is true of keisel- 
guhr In 1933-34 we carried out laboratory 
investigations on the use of cheaper and 
more readily available catalysts like iron 
and copper for this synthesis. Fischer and 
Decarrier, by using iron catalysts, could 
not obtain more than 35 grams of liquid 
hydrocarbons per cubic metre of synthesis 
gas and discarded such catalysts as un¬ 
satisfactory. Ghosh and Sen obtained a 
powerful catalyst by soaking 2-5 grams of 
asbestos with a concentrated solution of 
nitrates containing 4 grams of iron, 1 gram 
of copper, 0-25 gram of nickel, 03 gram 
of thorium and -004 gram of cerium. The 
oxides of these metals were deposited from 
the nitrates in the asbestos fibres by slow 
ignition, and the asbestos thus prepared 
soaked with solution of potassium 

carbonate and dried. At a reaction tern- 
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perature of 238®, as much as 85 grams of 
higher hydrocarbons were obtained per 
cubic metre of synthesis gas. These results 
were published in 1935 and were con¬ 
sidered surprisingly good in Japan. The 
Japanese Society for the promotion of 
scientific research financed very generously 
further developments of such iron copper 
catalysts with the result that in 1940, the 
Institute of Physico-Chemical Research 
in Tokyo produced a catalyst containing 
iron, copper, caustic potash, boric acid 
and keiselguhr in the ratio 75: 25: 2: 2: 
125 which could be used with purified 
water gas containing carbon monoxide and 
hydrogen in the ratio of 1.1 and yield 
steadily 90 c.c. of oil per cubic metre of 
gas at 260°. We are now told that 
the Fischer-Tropsch plants in the Axis 
countries use catalysts whose ingredients 
are mostly iron and copper. Indian investi¬ 
gations on this problem, which were 
suspended in 1935, were stimulated by the 
war with Japan, and some of the results 
obtained in the laboratories of the Dacca 
University and in the Indian Institute of 
Science appear to be very interesting It is 
generally believed that nickel is not suitable 
for Fischer-Tropsch synthesis m that it 
favours the formation of methane m pre¬ 
ference to higher hydrocarbons. As is well 
known, a catalyst surface is composite and 
contains points of varying activity. Based 
on this idea, a catalyst has been developed 
at Dacca which gave practically no 
methane when treated with synthesis gas 
at about 200°-230°, and converted 56% 
of the carbon monoxide into higher 
hydrocarbons at a space velocity of 200 c.c. 
per hour. The composition of the effluent 
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gases after dehydration and absorption by 
active charcoal remained practically the 
same as the original synthesis gas The 
catalyst contained 45-8% Ni, 8*2%^ Th, 
46% keiselguhr and was prepared by pre¬ 
cipitation with potassium carbonate, re¬ 
ducing at 350°, cooling m an atmosphere 
of hydrogen, washing slightly with dilute 
acetic acid and drying 

Again the economies of the Fischer-Tropsch 
process can be improved very considerably 
if (1) instead of synthesis gas, water gas 
can be used as such with very high 
efficiency of conversion, and (2) instead 
of atmospheric pressure, medium pressures 
can be used which will bring down the 
capital cost of construction of plant per 
ton of oil pioduced. The investigations in 
Bangalore were pursued with these objects 
in view A study of adsorption of hydrogen 
gas by catalytic materials indicated that at 
about 200°C, it is most adsorbed by 
chromium oxide This led to investigations 
of catalysts which contained chromium 
oxide as promoter A catalyst containing 
34% cobalt, 4% copper, 2-5‘Jo thorium 
oxide, *2% cerium oxide, 4 6% chiomium 
oxide and the rest keiselguhr gave very 
satisfactory results. At a pressure of five 
atmospheres, and 205° Cl, and a space 
velocity of 600 c.c per hour, a steady 
output of as much as 150 grams of liquid 
hydrocarbons was obtained per cubic 
metre of water gas. Fischer-7Vopsch re¬ 
action is a rich mine which has been 
scratched merely on the surface. It will 
yield unsuspected wealth if looked into 
carefully in the Indian Institute of Fuel 
Research. 
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Professor DN Wadia, first National 
Professor of Geology, was born on October 
25, 1883 at Surat, Gujarat. He received 
his MSc degree in Biology and Geology 
from Baroda College (then affiliated to 
Bombay University, now Baroda Univer¬ 
sity), and DSc (h c) from University of 
Delhi (1947) and University of Aligarh 
(1967). He was the Professor of Geology 
(1907-1921) at Prince of Wales College, 
Jammu (now Mahatma Gandhi College), 
and later served in Geological Survey of 
India (retired as Asstt. Superintendent). 
He also worked as Government Minero- 
logist, in Ceylon, Mineral Adviser to 
Govt, of India; First Director, Indian 
Bureau of Mines and Head, Raw Mineral 
Division of the Atomic Energy Commission 
Dr, Wadia was a Fellow of the Royal 
Society, London (1957); correspondent 
of the Geological Society of America, 
Honorary Member of the German Geo¬ 
logical Society, the Belgian Geological 
Society, Honorary Member of the Geo¬ 
logical Society of India (President 1951- 
52), the Mining, Geological and Metallur¬ 
gical Institute of India (President 1951- 
52), the Ceylon Branch of the Royal 
Asiatic Society, and the Indian Institute 
of Metals 


Professoi Wadia was a Coninionwcalth 
member of the Geological Society of 
London; General President of the Indian 
Science Congress (1942, 1943), President 
of the Calcutta Geographical Society 
(1938), Inaugural President of the Indian 
Society of Soil Sciences (1949, 1950), 

President of the Geographers Association 
of India (1955), President of the XX11 
International Geological Congress at Delhi 
(1964), of the Engineering Cicological 
Society of India (1965-66), and of Geo¬ 
chemical Society of India (1965-67) He was 
the recipient of the Leopold \^on Plakette 
Medal of the German Geological Society , 
Meghnad Saha Medal of the I NS A (1962 ), 
Khaitan Gold Medal of the Asiatic Society, 
Calcutta (1964), the Sarbadhikaii Gold 
Medal from Calcutta University (1964^ 
and the Padma Bhushan by Government 
of India (1962). 

Professor Wadia devoted his liR'-Iong 
research career in solving the complex 
problems of Himalayan Geology Hi‘ also 
made notable contribution to the know¬ 
ledge of mineral wealth of tire eonntrs 
especially about copper, mica, alomu 
minerals as uranium and heav\ mincuals 
as monazite. 


*died in 1969 
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PROGRESS OF SGIENGE IN INDIA 

DN Wadia 

(delivered at Bangalore, 1946) 


I greatly appreciate the privilege of 
addessing this, the 11th anniversary of 
the foundation of the National Institute of 
Sciences, on the occasion of its Annual 
General Meeting. Looking back on our 
brief history, the year that has gone by 
must give to the founders of the Institute, 
several of whom are happily with us to-day 
m this House, real satisfaction that the 
organisation, which was founded in 1934 
and inaugurated in January 1935 with 
eight well-defined pregnant objectives, 
has, after passing some difficult years of 
growth and edification, entered upon that 
stage of its career which they had chalked 
out for It as the National Scientific Society 
of India. From its very inception, the aim 
was to form a body suited, by its constitu¬ 
tion, rules and methods of work as well as 
by the representative character and scienti¬ 
fic eminence of its Fellows, to occupy the 
position similar to that of the National 
Academy of Sciences of Washington or the 
Royal Society of London. The recent 
announcement by the Education Depart¬ 
ment of the Government of India, that 
Government have decided to recognise 
National Institute as the premier scientific 
organisation of the country, is a significant 
event and will remain the most notable 


land mark in the early history of this 
society, which, we confidently predict, is 
destined to play a most significant role in 
the scientific progress of the Indian nation. 
Consequent upon the acquisition of the 
new status, your Council, after due 
deliberation, has accepted the following 
routine duties and responsibilities-— 

(a) To act as advisers to Government on all 
scientific matters 

( 4 ) To CO-01 dmate the activities of scientific acade¬ 
mies, societies, institutions, 

(c) To distribute grants-m-aid to scientific publica¬ 
tions from funds provided by the Rockefellei 
Foundation and by Government. 

(d) To admimster funds for award of Research 
Fellowships founded by the Imperial Chemical 
Industries (India) and also those founded by 
Government and other public bodies and 
arrange for the supervision of the work of 
Research Fellows 

(e) To do such other things as may be necessary 
for organising scientific work in India 

Scientific meetings are held regularly at 
present and symposia and discussion 
meetings on current problems are 
arranged from time to time A series of 
Transactions, Proceedings and Indian Science 
Abstracts are being published A consoli¬ 
dated report on the progress of Science 
in India will be published according to 


The objects of the National Institute of Sciences of India are— 

(a) The promotion of natural knowledge in India including its practical application to problems of 
national welfare 

(4) To effect co-ordination between scientific academics, societies, institutions, and Government scientific 
departments and services. 

(c) To act as a body of scientists of eminence for the promotion and safeguarding of the interests of 
scientists in India: and to represent internationally the scientific work of India. 

(d) To act through properly constituted National Committees m which other learned academies and 
societies will be associated, as the National Research Council of India, for undertakmg such scientific 
work of national and international importance as the Council may be called upon to perform by the 
public and by Government. 

(e) To publish such proceedings, journals, memoirs and transactions, and other publications as may be 
fooM desirable. 

(/) To promote-and maintain a liaison between Science and Letters. 

(g) To secure and manage funds and endowments for the promotion of Science. 

(fi) To do and perform all other acts,, matters, and things that may assist in, conduce to, or be necessary 
for the fulfilment of the a1>ove-ihentiotiied.aims and objects of the Institute. 


136 


PRKSlDfc-NTlAL ADDRESSES 


our programme. During the war emer¬ 
gency years, due to difficulty of printing 
and paper, our publication programme 
has been inadequate and out of time ; 
but it is now proposed to entrust our 
publications to an Editorial Board to help 
the Editor or Editors in producing the 
Journal in two fascicles ; (A) Physical 
Science, (B) Natural Science. A Sub- 
Committee of the Council is now consi¬ 
dering the details of this programme 
which will considerably improve our 
position in respect of publications. 

At a very early date the woik of the 
National Institute of Sciences of India 
will assume more and more the nature of 
the work of a National Research Council 
whose functions may be defined as follow: 

(a) To plan and watch over the mam lines of 
research and technical developments in accor¬ 
dance with national needs to see that the 
application of science to public welfare is 
adjusted to some consistent plan, to advise 
Government on a common policy and to 
ensure that available resources for res^rch and 
developments are distributed to the best 
advantage of the country 
(A) To advise and help relevant authorities and 
institutions regarding the traimng and supply 
of scientific personnel for pure and applied 
research. 

(c) To distribute grants for promoting approved 
researches for the maintenance of selected 
research scholars, for scientific publications and 
other purposes 

For the efficient performance of this work, 
the National Institute, m consultation with 
non-official scientific orgamsations, univer¬ 
sities and prominent scientific institutions, 
the scientific Surveys and Departments of 
Government and Chambers of Commerce, 
will, from time to time, constitute 
Committees of Research for particular 
science or groups of sciences. Also the 
Institute will, in future, have to constitute 
permanent Research Grants Committee. 
More important duties will henceforth 
devolve upon our Sectional Committees 
which will be the proper bodies out of 
which various Research Committees will 
have to be formed ‘to settle the objects 
of research in their respective sciences, 
indicate individuals or organisations which 


could undertake several component parts 
of enquiry, receive and co-ordinate the 
information, make it available to those who 
will turn it to advantage to lorm a national 
plan into which all who are in a position 
to contribute information can fit the parti¬ 
cular lines of research’. A provisional 
Research Grants Committee has already 
been established and early in the New Year, 
the Council will take up the con.stitution 
of the new Research Committees 

Much the most important event in the 
Science Year Book Ibi 1945, which will 
live in histoiy as having biought the end 
of the greatest war in histoiy, was the 
surprising rapidity with which research 
on the use of the energy of atomic dis¬ 
integration was completed. 'I’liis is likely to 
prove one of the greatest i evolutions of 
science and through it of the World Ordei. 
Amidst the pious declamations of hoiror 
and detestation the use of this discoveiy 
has aroused in many paits ol the woild, 
scientists should not be deterred fiom wel¬ 
coming this new achievement of .sciiuice 
which has far more potentialities foi good 
over evil than the majoiity of the scientific 
discoveries of the last centuiy We stand 
close to further great discovenes in this 
direction, the transform.uion of (‘lenients 
into other more coveted elenu'iits in gie.it 
quantities is within .sight. But, what the 
ancient alchemists never imagined, we 
shall also be utilising at the .same time 
millions of horse-power oi‘energy generated 
in these transformations It is a niattei of 
no small pride to us that, in this great 
research, India has not been a mere idle 
spectator Our four eminent physicists have 
for many years past taken a creditable 
share in researches on nuclear and atomic 
physics and on borderline subjects. 

At the end of this meeting there will be a 
special Convention of Fellows of the 
National Institute of Sciences of India to 
express their opinion on the solemn need 
of the time—viz, international control of 
atomic energy by a World Peace Organisa¬ 
tion, restricting its use few the bei^t of 
mankind in general and preventing its vast 
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destructive potential from being employed 
for nationalistic military ends or for anti¬ 
social purposes by any nation or group 
of nations. 

The successful splitting of the uranium 
atom and the employment of the energy 
liberated thereby for explosive purposes 
have so upset the popular imagination 
that outbursts of wild reproach against the 
aims of scientific knowledge are heard daily 
from all sides, mostly from the scientifically 
advanced countries. It is amusing to hear 
that there is a vague but growing fear 
amongst a section of the educated popula¬ 
tion that if science is not now controlled it 
will ‘wipe out the world and the human 
race in time’ A mass observation report 
in the Press, taken in 1941, but published 
lately, states an intelligent citizen of 
England having confidently declared his 
belief that ‘all scientists should be hanged 
by the neck until dead’ and that in 
his opinion this procedure had become a 
public necessity now ‘to stem the spate 
of horrid things which flow from their 
laboratory benches’ This same intelligent 
citizen advocates a similar fate foi ‘aero¬ 
plane inventors, technicians and other 
science-mongers’. 

The repercussions of these events in India 
have not been so vocal or demonstrative, 
but there is no denying the fact that the 
advancement of scientific knowledge arous¬ 
es no enthusiasm in the average mmd in 
India and is at times even received with 
suspicion, if not dislike For a country that 
has an enormous leeway to make up in 
fighting chronic malnutrition, insanitation, 
disease and food scarcity, this mental 
attitude about the most potent weapon 
that can fight these evils and work for 
‘the relief of Man’s estate’ needs to be 
changed. Missionaries of science are need¬ 
ed for this task, both in the ranks of 
Government services and among the 
public-spirited citizens working for the 
social welfare of the masses. Scientific 
societies and academies in India l^ve 
therefore an extia mission to perfistth, of 
spreading the goi^l df 


corners of India. They should, besides their 
legitimate functions towards their avowed 
branches of speciahsed science, ungrudg¬ 
ingly take upon themselves the task of 
raising science to the level at which it 
flourishes amongst all ranks of the people 
in culturally and industrially advanced 
countries. 

Scientific research in India, both in what 
has been called its ‘pure’ and ‘applied’ 
branches—though, in reality, no such 
distinction exists—is of late introduction 
and much lament has been made on its 
slow growth on the Indian soil. Physico¬ 
chemical, mineral, metallurgical, engi¬ 
neering and electro-chemical industries 
have been slow to take root m India, but, 
with a fine range of raw products yielded 
by abundant natural resources of the 
organic as well as mineral kind, their 
possibilities are becoming manifest 

The Board of Scientific and Industrial 

Research 

These possibilities weie scarcely explored 
even m the initial stage before the outbreak 
of the wai gave a rude awakening to the 
authorities Government and especially the 
war Department found themselves bereft 
of commodities essential for the prosecu¬ 
tion of the war. It was during this 
emergency of insistent demands for 
defence and security that the Board of 
Scientific and Industrial Research was 
born in April 1940. Planned industnal 
research on the vital, chemical, 

engineering and metallurgical industries 
being non-existent, the new organisation 
under the stewardship of Sir S S Bhatnagar 
had before it the difficult task of making 
India an effective source of a number of 
urgent war supplies. By the end of 1941, 
India had to occupy a key position as a 
supply centre for the whole of the Eastern 
theatre of war. The country’s hitherto 
untapped or indifferently exploited miner¬ 
al, agricultural and forest resources could 
not be harnessed all at once* But the 
technical machinery seti up. W, lime', 
of, Sdenti^Ci 
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fulfilled during the past six years expec¬ 
tations and produced results which should 
be heartening to science workers in India 
The Board consisting of leading scientists 
and industrialists has functioned in multiple 
capacities, both advisory and executive 
(Council of the SIR), in very trying 
circumstances. Besides instituting specific 
laboratory researches on a large number 
of new products, it offered expert advice 
on proposals for helping scientific institu¬ 
tions to study problems affecting particular 
industries and trades and on proposals for 
the establishment of Research Institutes, 
studentships and fellowships. The Board 
has financed schemes of research in univer¬ 
sities and other institutions possessing 
facilities for research in the subjects con¬ 
cerned Altogether there are over 125 such 
research schemes in operation to-day 

The finances of the Board, derived entirely 
from the Government Exchequer, have 
been, as one naturally expects in India, on 
a niggardly scale up till lately, totalling 
less than the amounts voted for scientific 
and laboratory research by single com¬ 
mercial corporations such as the Imperial 
Chemical Industries (London) or the Bell 
Telephone Corporation of the USA. The 
success of the undertakings sponsored by 
the Board, both of strategic and industrial 
utility, has encouraged the Finance 
Department to allocate more liberal grants 
in later years. The vote of the current 
year according to our information is 
Rs 30,00,000. These funds have been 
supplemented by a few donations from 
the public, including a very generous one 
of Rs 20 lakhs from the Tata’s, for endow¬ 
ing the National Chemical and National 
Metallurgical Laboratories and a Fuel 
Research Institute. It is pleasing to mention 
here that no less than Rs 1,70,000 of these 
donations is the share of the earnings 
of the CSIR in the form of royalties 
and premia on the processes leased out 
for commercial exploitation, including 
Rs 25,000 personal royalties of Sir Shanti 
Swarup, true to the tradition established 
by himself so early in his career of devoting 
his royalties from research to the cause of 


science The scienlific work of (ho BSIR is 
carried out through some 20 Research 
Committees which formulate co-ordinated 
proposals for pursuing schemes in their 
respective subjects, see to the correct 
utilisation of the grants voted and plan 
systematic programmes Jbi further work 
Some of these Research Committees have 
already started work on projects of fai'- 
reaching utility. 

(1) Metals Committee under the Chan mansliip o( 
Sir J J Ghandy have undertaken, estensivt 
research programmes on electro-mttalluigy. 
light and heavy metal alloys, eleitrual shut 
steels, resistance alloys, metal powders, mauu' 
facture of metallic manganese, magnesium and 
beryllium The planning and equipment ot a 
National Metalluigical Laboiatoiy, on a re¬ 
vised outlay of about Rs “iO lakhs, is one of 
the chief items in the programme of the 'Metals 
Committee 

(2) Electro-chemical Indmtne^ Committee have a pro¬ 
gramme foi manufattuic of alLilies, cai bides, 
carbon electrodes, aitificial abiasives bv appli¬ 
cation of electrolytK, clectio-theiinal and 
clecti o-meta llurgital pi ocesses 

(3) Fuel Reseanh Comn.itlee have an extensive pio- 
giamme o( leseaich and physical and themu.il 
suivey of Indian Gondwana and 'Tei tuiry c oals. 
their washing, biiquetting, blinding and low 
and high-tempeiatuie caibonisatioii, etc. An 
up-to-date Fuel Reseaich Station is planned 
and is to be equipped foi high-level lesearth 
on coal fuel 

(4) Heavy Chemicals Committee have sevei al impoi taut 
research schemes in opeiation bianiig on the 
manufacture of heavy chemuals such as tuids, 
alkalies, ammonium sulph.ite and other sul¬ 
phates from gypsum, phosphatii (ei tilisei s and 
other heavy chemicals The projet ted National 
Chemical Laboratory is undei active planning 
and construction at Poona. 

(.')) Plastics Committee under the Chaiimanship of 
Sir J C Ghosh have coriectly estimated the 
immense impoitance that Plastics will play m 
India. Several manufactures have been deve¬ 
loped from the indigenous sources and synthetic 
resins in the Board’s laboiatones, among which 
the more notable are unburstable petrol con¬ 
tainers, laminated jute fibre-boards, electrical 
appliances, containers, plastics from vegetable 
oils, substitutes for glass, etc. 

(6) Glass and Refractories Committee have schemes for 
the manufacture of improved ceramic products, 
optical glass, ceramic colours and glazes and 
high-temperature refractories, survey and re¬ 
fining of Indian glass and ceramic raw materials. 
The foundation of the Central Glass and 
Ceramic Research Institute was laid at Calcutta 
by Sir Ardeshir Dalai. 

(7) Dye-stuffs Committee have over a dozen schemes 
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on various dyes in operation now The pi ocesses 
that aie developed for the extraction and manu¬ 
facture of dyes from vegetable products have 
already entered commercial exploitation 
(8) Radio Research Committee under Professor S K 
Mitra have undertaken investigations on the 
manufacture of radio receiver sets, valves, 
condensers, etc, and an atmospheric research 
station for investigations on upper air for 
radio-electionic lesearch is being established 
The lemaining 12 Committees of the Boaid aie 
engaged m equally important programmes 

Additional grants-in-aid made by the 
Council of Scientific and Industrial 
Research during the financial year 1946- 
47 are:— 

Rs 

(<?) Recurring giant to the Tata Institute 
of Fundamental Research for reseai ch 
m theoretical physics 75,000 

{h) Recurring giant to the University of 
Madras towards the establishment ol 
an Institute of Leather Technology 60,000 

(c) Grant for conducting Building Re¬ 

search at Thomason Engineering 
College, Roorkee 90,000 

(d) Grant for setting up a Road Research 
Institute at an estimated cost of Rs 
17 5 lakhs The amount required 
duiing 1946-47 for capital and le- 

curi mg expenditure is Rs 9-5 lakhs 9,50,000 

An interesting offspring of the activities 
of the BSIR was the institution of the 
Industrial Research Planning Committee, 
under Sir R K Shanmugham Chetty, 
in December 1943. This Committee, after 
a comprehensive survey of the existing 
facilities for scientific and industrial re¬ 
search m India, presented a report early 
in 1945, on measures necessary for enhanc¬ 
ing these and the co-ordination, direction 
and development of scientific research in 
general on modern lines in post-war India. 
This report deserves careful attention on 
the various recommendations that it has 
made, rather than on the features which 
have been omitted from its purview and 
which have come in for unnecessary criti¬ 
cism. Its most notable suggestion is the 
organisation of a National Research 
Council for India with the following nine 
functions: 

(i) To organise and maintain National Labora¬ 
tories. 

(it) To establish and maintain specialised research 
institutes. 
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(Ill) To stimulate pure and applied reseai ch in 
umversities by granU-tn-aid 
(ill) To provide for dearth, of technical and 
research personnel by inaugurating scholar¬ 
ships. 

(y) To stimulate and encourage research activities 
by Indian industry 

(vt) To co-ordmate the research actmties of the 
existing Institutes and Government Depait 
ments and plan reseat ch programmes 
(lilt) To function as a National Tiust for Patents 
(vm) To set up a Boaid of Standaids and 
Specifications 

(tt) To function as a clearing house foi scientific 
and technical societies in the country 

A Plan of Agricnltural Reconstruction 

But in the re-building of the new India, 
industnalisation alone, without agricul¬ 
tural reconstruction and development, may 
produce retrograde effects on its economy 
The country’s lifeblood is agriculture; 
throughout the ages this industry has sus¬ 
tained Its vast population and only by a 
gigantic effort in, increasing agricultural 
production can we quicken its metabolism 
so as to help the rise of other industries 
demanded by modern times and conditions 
of living It IS heartening to Indian scien¬ 
tists to record here a second momentous 
advance in the last two years, viz , a plan 
for building up of India’s agriculture 
through the application of scientific know¬ 
ledge The ‘Memorandum on the Develop¬ 
ment of Agriculture and Animal Husban¬ 
dry in India’ by Sir P M Kharegat, 
commonly known as the Kharegat Plan, 
published by the Imperial Council of 
Agricultural Research, embodies a far- 
reaching plan of agncullural reconstruction 
that should receive the widest attention 
from Indian scientists and the educated 
public. The salient features of this ‘Plan’, 
which envisages the optimum utilisation 
of all national assets, in the shape of land, 
water and live-stock and their maximum 
exploitation by all means known to science 
and technology, are given in brief outline 
below: 

‘The United Nations’ Conference on Food 
and Agriculture places in the forefront of 
its recommendations the improvement in 
the level of nutrition and the raising of the 
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Standard of living of the people. It con¬ 
siders it an obligation and a primary 
responsibility of civilised countries to see 
that their own people have the food needed 
for life and well-being. The Kharegat Plan 
tries to determine the extent of action 
necessary to discharge the above obligations 
and fixes minimum targets in the produc¬ 
tion of various foodstuffs from 10 to 300 
per cent in excess of the present meagre 
standards ’ 

The low level of average production per 
acre in India has been stressed and reasons 
for that given, the most important of which 
are: precarious and badly distributed ram 
fall over ^ of the total cultivated land, in¬ 
adequate or entire absence of manuring; 
low standard of cultivation; use of primitive 
implements; absence of provision against 
soil erosion; absence of control against pests 
and diseases; and poorly nourished and 
managed livestock. 

Water-Irrigation: The production of irrigat¬ 
ed crops per acre by controlled irrigation 
is known to be, on an average, 50 to 100 
per cent higher than that of unirrigated 
crops in the same locality As | of the 
cultivated area is unirrigated it is estimated 
that provision of irngation facilities can 
roughly increase production by at least 50 
per cent. Measures to achieve this end are. 
the harnessing of the water of rivers; the 
lifting of water by mechanical means, 
direct from rivers and canals; the utilisa¬ 
tion of sub-soil water by ordinary percola¬ 
tion wells and tubewclls, construction of 
minor irrigation works such as tanks; and 
better utilisation of rain water by bunds 
and terraces and its conservation in the 
sub-soil. The total cost of the above pro¬ 
gramme is estimated at roughly Rs 320 
crores. 

Land Utilisation: For the utilisation of land 
to maximum advantage, we must: 

(») bring undei cultivation such of the 170 million 
acres classified as culturable waste, 

{ii) check soil erosion by contour bunding, proper 
alignment and embankment of fields and 
control of the water in the catchment area 


fiom carrying away nih uppei suiface ol 
agiicuUuial soil, 

(ill) provide one scientific experimental farm in 
every division or district, 

(h>) obtain higher crop yields by improved manui- 
ing and scientific husbandry, such as, use ot 
pedigree seeds, control ot pests and diseases, 
etc, 

(p) popularise the use of chemical tcrtilcsets, 
ultimately aiming at the taiget figuie of one 
million ton of nitrogen per yeai foi the whole 
of India, at an estimated cost ot Rs. 40 croies, 
and 

(vt) improve land tenure system and try out the 
relative merits of consolidated holdings, con¬ 
solidated farming, co-operative farming and 
collective farming on the Russian plan 

Improvement of Live Stock: Increased produc¬ 
tion from Indian flocks and herds depends 
upon the degree of improvement in both 
the quantity and quality of their food 
supply and also on bettering the routine 
of village management There should be 
adequate increase in the production of 
fodder, straw, cereal by-products and 
concentrates, especially oilcakes 

A development scheme should be drawn 
up for each large grazing area for piopet 
grassland management, including rota¬ 
tional grazing, re-seedmg, hay-making, 
etc. 

Growing of trees of fodder species in minor 
forests, construction of water troughs and 
the supply of minerals and salts to cattle 
should be undertaken. 

Systematic scientific breeding from pedi¬ 
gree stock of farm animals for their 
economic characteristics, such as, disease 
resistance, economic feeding, longevity and 
milk and draught quantities, should be 
undertaken. For this purpose, some 60 
cattle, buffalo and sheep farms are pro¬ 
posed, each of 12,000 acres, or a greater 
number of proportionately smaller size. 
Similar breeding farms are proposed for 
sheep, goats and poultry. 

Provision of dairy farms near towns with 
facilities for the production of milk and 
milk products by improved methods and 
with adequate control of adulteration. 

The fisheries of the country are to be 
systematically tapped by provision of rapid 
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transport of fish, their cold storage, process¬ 
ing, development of inland fisheries by 
planting of suitable stocks in ponds, tanks, 
reservoirs, canals and rivers and grant of 
facilities in the shape of boats, nets and 
implements to the fishermen. 

Organisation The plan emphasises that 
‘the Central Government must take the 
lead in many matters if progress is to be 
rapid. On the research side, it must accept 
the main responsibility for fundamental 
research and must advise on policy in 
regard to agriculture and animal husban¬ 
dry matters of common interest and must 
arrange adequate co-ordination of effort, 
if overlapping is to be avoided and maxi¬ 
mum achievement is to lesult in the 
shortest time It cannot remain entirely 
aloof from the extension of the results of 
research into farm practice throughout the 
country, even though the practical exten¬ 
sion of those results must primarily be the 
function of Provincial or State Departments 
of Agriculture It must also be in a position 
to assist financially when funds are needed 
for encouraging and promoting research, 
extension, or other action in the Provinces’ 

For achieving the above end, the re¬ 
construction plan proposes the following 
organisation: 

(t) Creation ol a Federal Department of Agri¬ 
culture which would be charged with the 
duties of fostering agriculture and animal 
husbandry on scientific lines in their broadest 
sense and m all their phases. Its activities 
would include investigations of production 
and marketing and utilisation of crops and 
live stock, and the control of diseases and 
pests to which they are subject. 

(it) The Federal Council of Agricultural Research 
would be the instrument of the Federal 
Department of Agriculture for co-ordinating 
scientific investigations in all parts of India. 
(»Vt) The existing Agricultural Research Institute 
(Pusa) and the Imperial Veterinary Research 
Institute would be expanded. They would 
come tmder the Federal Agricultural Council 
and their primary function would be funda¬ 
mental research. 

(to) >^ide by side with them would be set up in 
appropriate regions in India a chain of Com¬ 
modity Research Stations and Sub-stations, 
each dealing with problems connected with 
its own commodity, be that animal or vege¬ 


table in origin These Commodity Stations 
would follow geneially the organisation alieadv 
e'usting for jute, cotton and sugai-cane Each 
would be administered and controlled by an 
Indian Central Committee lor the particular 
commodity 

Education and Extension Work This plan 
draws attention to the fact that ‘in the 
past, the incorporation by the cultivator 
of the useful result of agricultural research 
m his every-day agricultural and live stock 
practices has not kept pace with discoveries, 
and neither the cultivator nor the country 
as a whole is deriving the maximum benefit 
frem the expenditure which has been in¬ 
curred on research and the results obtained 
from it This unsatisfactory position is 
mainly the result of failure hitherto of 
Provinces and States to staff their Agricul¬ 
tural Department on a scale at all propor¬ 
tionate to the teiritory to be covered and 
the number of cultivators to be contacted 
The latter have remained either unawaic 
of the possibilities ofimpiovcment or, in the 
absence of local demonstration, unconvinc¬ 
ed of their applicability. In planning for 
the future, therefore, a very high degree 
of priority must be given to the provision 
of staff and other facilities necessary to 
terminate such a position and to ensure 
that, for the future, every cultivator in 
eveiy village not only has the knowledge 
of the many directions in which he can 
increase his yields from his holdings and 
live stock, but puts that knowledge to 
practical daily use.’ 

To achieve this end, it is proposed to treat 
the village as a unit and build up adequate 
organisation on it. For each village, a 
village guide is suggested who may prefer¬ 
ably be an active member of its own 
community, who, while cultivating his 
own land, could give part-time service to 
act as a link between the technical experts 
and the cultivators in his own village for 
an honorarium. In order that adequate 
attention may be given in future to exten¬ 
sion and propaganda activities, in view 
of their enormous importance in increasing 
production, it is considered that the mini¬ 
mum average staff in a Province or State 
should be: 
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(a) For Agricultiore, either one fieldman per union 
or group of 25 villages, one non-graduate 
demonstrator per assessment circle and one 
graduate inspector per tahsil or one lAukaddam 
or Kamdar per assessment circle and two 
graduate assistants pei tahsil. In either case, 
the gazetted staff would consist of one Superin¬ 
tendent or Assistant Director per Division. 

(b) For Animal Husbandry, one stockman per 
union, four live stock instructors, two of whom 
will have veterinary qualifications, per tahsil, 
two live stock officers, one of whom would be 
veterinary per district; and one Deputy Director 
of Animal Husbandry per Division. 

Order of Priority * As several years will be 
needed for the complete execution of this 
plan, the following order of priority of 
action has been suggested to ensure 
development in an orderly manner and to 
secure the maximum immediate advantag¬ 
es which existing scientific and technologi¬ 
cal knowledge can confer 

(z) Training of technical stafl required foi the 
execution of different developments contem¬ 
plated in this plan 

(«) Technical surveys for assessing the full possibi¬ 
lities of various developmental schemes, such 
as potential irrigation resources, anti-eiosion 
measures and wasteland reclamation. 

(zzt) All important aspects of agncultural imi^iove- 
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ment, which call foi piactical action by the 
cultivator himself, would actually begin as 
soon as the necessary staff can be piovided to 
guide and direct him. 

(zz’) Gieation of a Federal Depaitment of .Agri¬ 
culture, Federal Agricultural Council, FYdeial 
Institutes of Agncultural and Animal 
Husbandry Research respectively and esta¬ 
blishment of a chain of Commodity Stations 

An increased agricultural production of at 
least 100 per cent within fifteen years over 
its pre-war level is envisaged by this plan, 
provided the necessary finance, scivices 
and facilities are available A capital ex¬ 
penditure of Rs 1,000 crores for British 
India is estimated. For a widespread 
amelioration of 300 millions of our hitherto 
neglected rural population, which the pro¬ 
jected scheme promises, the outlay in 
money is not beyond the means of Indian 
finance The groundwot'k of the ICharegat 
Plan is that ‘scientific research is the basis 
of all improvements and that it must be 
put on a sound footing at the earliest 
opportunity so that India may obtain the 
best from its major industr'y\ This is also 
the voice of all leading scientific institutions 
of India 
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INDIA IN TRANSITION—THE ROLE OF SQENCE IN THE BOlLDlNG OF 
NEW INDIA 

DN Wadia 

(delivered at Delhi, 1947) 


It needs no imagination to realise that 
India today is a country with a great 
potential. This position has been attained 
by a process of natural evolution from her 
great historic past and is not wholly the 
result of sub-recent history of the last few 
generations or of the impact of the two 
World Wars, as is often imagined Much 
more powerful factors have been operating 
since the Aryan migiants occupied the 
Indo-Gangetic plains The rich heritage 
of three millennia’s experience has moulded 
the course of events during this long event¬ 
ful history and it would be wrong to 
attribute to purely local or modern or 
accidental causes her emergence into a 
nation that has won its present status and 
forged the bridges and affinities with the 
neighbouring continents. 

It also needs no imagination to pictuie that 
the transition period through which she is 
passing IS fraught with great possibilities 
both for positive achievement and for total 
negation or frustration If it is not fully 
realised that the transition period should 
be the building period—the period for 
high resolve and super-sustained endeavour 
in every field, the time for shedding of 
shackles of the past centunes, both social 
and religious as well as political—the 
transition time will merely switch the 
country on to the track of backward, non¬ 
progressive, featureless countnes of the 
world. If the transition penod is utilised in 
a dynamic, scientifically directed effort to 
uplift the whole structure of Indian social, 
industrial and economic life, there is no 
doubt its magnificent man-power, so far 
latent, or utilised to a bare fraction of its 
potential, applied to its great agricultural, 
water, forest and mineral resources, will 
lift the country out of its present abnormal 
economic and industrial depression and 


put It on the high road to progress and the 
welfare of its millions 

The one agency which can achieve this 
transformation is science—science in its 
most comprehensive application to prob¬ 
lems of human existence It is not only the 
mechanical applications of modern science 
in everyday lile—marvellous as they aie-- 
and the lessons of fundamental and didac¬ 
tic science which can help build the India 
of future It IS really the scientific method 
of discovering truth and the ways of nature 
and the mental attitude it trains m men 
for viewing the facts of existence that is 
the great gift of the Modern Age to man 
It IS primarily the scientific approach to 
problem.'! of life and society in India, no less 
than the application of science to agricul¬ 
ture and the manufacturing industries, 
which needs most to be fostered and culti¬ 
vated in India Looking around us, theic 
IS many a day when the newspaper columns 
on the happenings of the day fill us witli 
dismay at the bankruptcy ol science that 
IS apparent in the everyday affairs of our 
public life and in the basic relations of our 
major popular parties. Who can doubt that 
if politics is viewed in the cold analytical 
light of a problem in human ecology, the 
biggest hurdle in the path of communal 
integration of this sub-continent would be 
cleared and its march to progress speeded ? 
Then the agitating complexes would be 
resolved and reduced and the varying 
environs, habits, traditions and cultures of 
communities adapted into some practical 
scheme of mutual collaboration for the 
benefit of the whole race (i.e. the regional 
grouping of communities which geography 
and the course of history has brought about 
during the last 1,000 years) instead of be¬ 
ing dissipated in conflicts tending to 
degenerate the race. 
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But my present object is to speak on the 
role of science and research m India m 
the transition period in developing the 
basic sources of wealth and well-being, yet 
imperfectly tapped, m land, man-power, 
its rivers, forests, minerals and electric 
power. The first requisite is that India 
should align herself in her scientific organi¬ 
sation with the progressive countries of the 
world, while retaining her own individual 
pattern of organisation, correlated with 
the traditions and requirements of the 
country. India’s attitude towards science 
in the past has been lukewarm, hesitating 
and even patronising and the result of this 
IS becoming manifest m the country’s 
population outstripping its productive 
capacity in agriculture and industry, in¬ 
stead of these variables functioning exactly 
the reverse way—increased productivity 
of field and factory, inducing and sustaining 
an increased population. The signs, how¬ 
ever, of a welcome departure from this 
indilference towards science are becoming 
visible in the last few years as our leading 
men of science are multiplying ties 
with representative scientific workers of 
England, America, Russia and the rest of 
Europe. The contacts hitherto established 
form a valuable asset, but they need to be 
strengthened and vigilantly maintained on 
a wider scale through new agencies, such 
as the UNESCO A fair number of our 
scientists have visited Europe and America 
during the war and later years, in various 
Missions and Delegations for Food, Agri¬ 
culture, Irrigation, Dam Construction, 
Electronic Research, Industrial Research, 
Atomic Energy Projects, Metals Research, 
Fisheries Development, Road Administra¬ 
tion, UNESCO etc, ending with the 
Delegation of 14 Indian scientists (13 of 
whom were Fellows of the National 
Institute) for the Royal Society Empire 
Scientific Conference and the Common¬ 
wealth Scientific Official Conference. 
There are besides nearly a thousand post¬ 
graduate students, deputed to foreign 
countries during the last two years for 
advanced studies in different branches of 
science and technology. This is gratifying, 
as trained scientific manpower is our 


greatest need. But the world contacts of 
India in matters relating to science must 
be ever on the increase. It should grow 
into a healthy two-way traffic in technical 
information, exchange of material and 
personnel He will be a narrow-minded and 
reactionary patriot who will try to hinder 
this exchange and cross-fertilisation of 
scientific thought, or oppose a reasonable 
outlay of the national revenue for achieving 
these objects and for establishing inter- 
naDonal scientific liaison offices at Delhi, 
London, Washington, Nanking, Moscow 
or Cairo and later in other Euiopean and 
Asiatic centres 

A confederation of the scientific workeis of 
the world for the common objective of ame¬ 
lioration of problems of mankind is perhaps 
yet a distant dream But somewise heads in 
the Royal Society of London, thought of 
gathering togclhci science woikcrs of the 
various countries of the British Common¬ 
wealth in a conference to bung about 
mutual cooperation in the different fields 
affecting social, industrial and economic 
welfare and to consider the most practical 
ways and means for implementing the 
decisions reached at an eaily date The 
outstanding success aclueved during the 
war as a result of the eollaboiation between 
scientists of the United Nations stimulated 
a desire for the continuation of this method 
of approach in dealing with peace-time 
problems which arc of common good to 
Britain, India, Canada, Australia, New 
Zealand, South Africa and the Colonies 
It was then felt by His Majesty’s Govern¬ 
ment that such a conference convened 
by the Royal Society was not to stop at 
questions of scientific collaboration in the 
academic field only, but that it should be 
followed by an official Conference of the 
nominees of the Governments of all the 
Commonwealth countries, at which con¬ 
clusions reached at the former meeting 
should be supported through the back¬ 
ground of official policy of the dominions, 
and plans matured for their full implemen¬ 
tation. 

The Conference covered a wide field and 
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included many problems of the greatest 
general interest to present-day India on 
Information and Library Services; facilities 
for travel of scientists in different countries, 
increased facilities for pubhcation, inter¬ 
national liaison offices and their ready 
access to scientific workers. 110 delegates 
representing different branches of science 
attended the Conferences from all parts 
of the Commonwealth. The two Con¬ 
ferences lasted five weeks and were 
marked by an atmosphere of the greatest 
cordiality and desire for co-operation. It 
was apparent to everyone during its 
sittings that, under the present state of 
scientific organisation of the leading world 
powers and the onward march to indus¬ 
trialisation that had commenced since 
the war, isolation of a country spelled 
stagnation and its side-tracking from the 
main currents of progress The list of 14 
subjects that were carefully chosen for 
the agenda of the Conference is given 
below It IS in these subjects that the 
need of a long-term research is greatest 
and it is in them that investment in 
capital scientific equipment, laboratories 
and research institutes, yields lasting divi¬ 
dends. Specialists from different countries 
presented their countries’ view-points on 
each of these subjects and the state of 
organisation reached in this field in their 
respective countnes A number of steering 
groups were set up to lead the discussion 
on each subject and draft appropriate 
recommendations for consideration by the 
whole conference at its concluding sessions 
The main Steering Committee guided the 
work of the steering groups on the fourteen 
items on the agenda; on this body India 
was ably represented by Sir S S Bhatnagar. 
The work of the Conference was focussed 
on these 14 subjects: 

(1) A survey of some outstanding problems in 
Agricultural Science in the Commonwealth. 

(2) Discussion of the physiological and psycholo¬ 
gical factors affecting human life and work 
under tropical conditions. 

The etiology and control of infectious diseases 
and transmissible diseases, particularly those 
which are insect-home. 

(3) The present state of science of nutrition and 
the nutritional studies of the indigenous 
peoples of the Colonies. 


(4) Modern methods of mapping and exploration 
by Air including the use of radio technique. 

(5) Measures for improving the dissemination of 
scientific and technical information within the 
Empire, including abstracting and library 
services. 

(6) Methods of improving the interchange of 
scientists. 

(7) Discussion of cooperation in the scientific field 
with existing and projected international 
organisations. 

(8) Measures to secure greater uniformity in physi¬ 
cal standards of measurement and the use of 
units, terms and symbols 

(9) Collection and interchange of scientific 
records and experimental material, including 
safeguards to minimise the risks involved in 
the distribution of plants, seeds and ammals 

(10) Problems of land utilisation and conservation 
and the various factors affecting Forestry, Soil 
Erosion, Irrigation, etc. 

(11J The need for coordinated surveys of mineral 
resources of the Commonwealth countries 

(12) The natural products of the Empire and the 
chemical industries that aie, or might be, 
based on them 

(13) Post-war needs of fundamental research 

(14) International liaison offices 

This, Gentlemen, is a highly condensed 
account of the work of the Royal Society 
Scientific Conference convened for re¬ 
constructing and rehabilitation of the 
part of the world forming the British 
Commonwealth of Nations Such is the 
background of this assembly of nations. 
The body of its recommendations suggest¬ 
ing an all-round mobilisation of available 
scientific talent for their implementing is 
shortly going to be published and is 
bound to receive senous attention in many 
parts of the world What is going to be 
India’s response? The question may be 
asked what has India to gain by it? 

The Indian delegates as a team partici¬ 
pated in these discussions and had their 
due share in the shaping of the final 
recommendations on the above fourteen 
items. This was done according to a plan 
previously made at a preliminary meeting 
held at the Delhi Secretariat, under the 
auspices of the Hon’ble Member for 
Planning and Development. Each dele¬ 
gate was assigned one or more subjects 
on which he had to present India’s 
view-point and its existing set-up and 
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indicate lines on which the future work 
was to be planned. As the deliberations 
proceeded they were so impressed with 
the array of scientific forces brought to 
bear on the various problems that they 
desired to jfhime similar plan of operations 
for India and to mobilise public opinion 
in support. Accordingly, a symposium on 
the subject is being organised in April 
next for a full discussion by the Fellows of 
the National Institute of Sciences of India 
of the ways and means of implementing 
those of the recommendations of the 
Commonwealth Conference that have a 
durect effect on Indian economic and 
scientific problems. They will then issue 
a considered and comprehensive state¬ 
ment inviting attention of the present 
Interim Grovernment for implementation 
of the recommendations. It will specifically 
call attention to outstanding needs, suggest 
priorities and formulate plans for energe¬ 
tic exploitation of the basic sources of 
wealth, land, water and man-power, with 
which Nature has endowed India, but 
which have so far been indifferently 
utilised. 

In this task ahead all should join. The 
unhealthy distinction on which emphasis 
is too often placed in India between official 
and unofficial scientific worker must go. 
There is no doubt that the Universities, 
private research institutions and societies 
will be more and more the spearheads of 
scientific progress in future. It is, there¬ 
fore, the imperative duty of all official 
scientific departments and individuals, 
with their ampler resources and facilities, 
to strive to raise the efficiency and prestige 
of University laboratories and make 
scientific research independent of personal, 
racial or communal bias. 

It is pleasant to turn from what remains 
to be done to what has been done, or 
is being accomplished, to reduce our 
liabilities on the debit side of the national 
balance-sheet. The advance that is made 
in Irrigation Engineering in India since 
I860 and the striking progress of the last 
few years in Irrigation and hydraulic 


research, no less than the size, number 
and scope of the new projects, adumbrated 
under the Central Waterways, Irrigation 
and Navigation Commission (CWINC), 
for flood protection, storage reservoirs, 
land irrigation and electric power gene¬ 
ration, have gone mostly unrecorded and 
even unpublicised in scientific academies 
and journals. India today occupies a pre¬ 
eminent position and leads the world in 
Irrigation, with its 70 million acres of 
dry land (out of the 400 million acres 
usually under cultivation), annually water¬ 
ed by canal irrigation—an acreage greater 
than the combined total of ten other 
leading countries of the world. Accor¬ 
ding to Rai Bahadur Khosla, Chairman 
of GWIN Commission, irrigation canals 
in India have a carrying capacity of 
400,000 cu. ft. per second and the total 
annual consumption of water for agri¬ 
culture is roughly 163,000 cu. ft. per 
second. This large amount, however, 
Mr. Khosla states, is barely 6 per cent of 
the available “water wealth” in our rivers, 
which is running to waste in the sea, 
often after doing extensive, recurring 
damage in floods and erosion. Indian 
engineers are, nevertheless, bringing us 
nearer to that yet far off era dreamt of 
by the great Sinhalese King of old, 
Prakrama Bahu, who commanded his 
engineers to see that not a single measure 
of monsoon rain was lost by flowing away 
uselessly into the sea. 

It is a matter of great satisfaction that the 
Government of India have during the last 
year taken important decisions in sanction¬ 
ing large scale operations on a number of 
hydel power, irrigation and reservoir pro¬ 
jects and given a high priority to three 
large projects connected with the harnes¬ 
sing of the Damodar, the Mahanadi and 
the Kosi rivers. The great Jog (Gersoppa) 
Falls project of the Mysore Government 
on the Sharavati river is emerging into 
the final stage and a number of schemes 
are maturing, such as the Bhakra Dam 
of the Punjab (one of the highest dams 
to be erected in India), the Rampad 
Sagar Dam on the Godavari, the dams 
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and reservoirs on the Tungabhadra, the 
Teesta and the Rihaind. Necessary topo¬ 
graphical, geological and hydrological 
investigations by OWING and other 
authorities have advanced these projects 
considerably towards construction stage. 

Atomic energy development experiments 
have aroused the keenest interest in all 
industrially advanced countries, both for 
their strategic and defence application as 
well as for their possible industrial use. 
Gigantic plants are being erected and 
are rapidly coming into operation for 
forging of this new weapon in Man’s 
armoury. The Board of Scientific and 
Industrial Research has taken the initia¬ 
tive in forming a Committee to consider 
general problems of atomic research and 
development in India. Apart from the 
question of military armaments or of 
defence, the release of atomic energy for 
practical purposes in the service of Man 
has a much greater appeal in India for 
future social and economic developments 
of society and for the ultimate moral and 
spiritual uplift of the people at large. India 
possesses enviable resources in elements and 
metals whose fission may yield vast stores of 
atomic energy. The high potential atomic 
research of the last three or four years in 
England and the USA has given great 
importance to the deposits of Monazite 
sands in South India that have fortunately 
remained unexploited for foreign exports 
during the last 24 years. The relatively 
large Thorium content in Monazite (8 to 
9 per cent TiOg) and its small but usable 
Uranium component (0-3 to 0-4 per cent 
U 3 O 5 ) give to the Monazite reserves of 
the Travancore coast, estimated at over 
2 5 million tons, a strategic and economic 
value which must be utilised with the 
greatest circumspection on a planned 
scheme of long-range development for the 
good of the country and of the world at 
large. 

The Committee has drawn up a long- 
range programme of research in nuclear 
physics and artificial creation of atomic 
particles to be carried out at the 


Tata Institute of Fundamental Research, 
Bombay, under the direction of Piolcssor 
H J Bhabha and at the Palit Laboratory, 
Calcutta University, under the direction 
of Professor Megh Nad Saha, who has 
created a centre of nuclear and atomic 
research of high calibre during the last 
ten years. 

Minerals are a rapidly declining asset 
and the question of ensuring their maxi¬ 
mum utihsation for the benefit of the 
nation is most important. The absence 
in India so long of a definite mineral 
policy and planned development of its 
mineral resources have been responsible 
for the wrong trend taken by the country’s 
mining industry, which has existed largely 
for wholesale exports of raw ores and 
minerals. In this way, vast quantities of 
several high-grade ores and valuable key 
minerals have been shipped to foreign 
countries at imnimum margins of profit 
and the country has received little 
advantage from its mineral assets either 
in the shape of direct return or in the 
domestic utilisation, processing or manu¬ 
facture of finished or semifinished material. 
India’s resources in minerals like Iron-ore, 
Mica, Beryl, Manganese, Titanium and 
Thorium, and Aluminium and Magnesium 
metals are of considerable magnitude and 
and of world importmce The difficult 
situations that arose dunng the two war 
exigencies have shown their strategic im¬ 
portance. A policy of conservation and 
progressive development is urgently called 
for and it is highly reassuring that the 
Government of India is taking steps to 
bring under Federal control a number of 
minerals of all-India strategic importance 
to the extent to which the regulation and 
development is declared under Federal 
Law to be expedient in the public interest. 
Government have also announced their 
intention to convene a Conference for 
formulation of a mineral policy for India 
and for creating an executive machinery 
for guiding production, conservation and 
utilisation of the mineral products mined. 
The recent expansion and re-organisation 
of the Geological Survey of India which, 
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has made possible the creation in it of 
separate branches for mineral develop- 
mentj geophysical prospecting and water 
and engineering geology, are much 
needed and long awaited reforms. Govern¬ 
ment IS committed to considerable further 
expansions in future and we can look 
for the day when the Geological Survey 
will become, as it is in countries like 
Canada, USA and above all in Russia 
a powerful agency for industrial develop¬ 
ment and utilisation of the national 
resources. The recent report on Goal by 
the Indian Coalfields Gomnuttee promises 
some improvements in the long-pending 
critical problems of coal mining in India, 
its uneconomic mining methods, waste of 
superior-grade coal and the loss of millions 
of tons of fuel by fires, roof subsidences 
and other preventible causes. 

These developments and the progress of 
work of the Board of Scientific and 
Industrial Research and the Planned 
Agricultural Reconstruction, I referred to 
in my last year’s Annual Address, arc 
some of the heartening signs which are 
beginning to be perceived on the horizon. 


PRESlDENTIAt. ADDRESSES 

If the rational harnessing of science to 
the country’s manifold resources is con¬ 
tinued on the same tempo as in the last 
five years, who can doubt that the new 
India which will emerge from the tran¬ 
sitional period will be a country with a 
strong potential ? 

Gentlemen, it is in this optimistic refrain 
that I hand over the office of President 
of the National Institute of Sciences of 
India to Sir Shanti Swarup Bhatnagar. 
I am not uttering a mere customary 
formula when I express my most sincere 
thanks to the Institute and to its Council, 
particularly to the Secretaries, Professor 
E> S Kothari and Dr S L Hora for the 
hearty and encouraging cooperation that 
has been given to me during the last 
two years It is my firm conviction that 
the National Institute of Sciences of 
India is going to play an increasingly 
helpful role m the scientific progress of 
the country and will give the correct lead 
to the rapidly multiplying institutions and 
associations in fulfilling both their social 
as well as technical obligations to Indian 
society. 
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Sir S S Bhatnagar was born on February 
21, 1894 at Behra, Distt. Shahpur in 

Punjab. He received his DSc degree from 
University of London in 1921. He was 
the Professor of Chemistry, Banaras Hindu 
University; University Professor of Physical 
Chemistry and the Director, University 
Chemical Laboratories at Lahore (Punjab 
University); Director, Board of Scientific 
and Industrial Research (later CSIR); 
Secretary, Ministry of Education and 
Educational Adviser, Govt, of India; 
first Secretary, Ministry of IsTatural Re¬ 
sources and Scientific Research (set up 
in 1951 and linked up with Director, 
CSIR); Secretary, Atomic Energy Com¬ 
mission and Chairman, University Grants 
Commission. 

Professor Bhatnagar was knighted in 1941; 
he was the Fellow, the Royal Society, 
London (1943), Honorary Member (later 
Vice-President) Society of Chemical In¬ 
dustry, London (1943), President, Indian 
Chemical Society and Indian Science 
Congress. He received honorary doctorate 


*died in 1955, 


degree from University of Oxford, Punjab, 
Delhi, Banaras, Lucknow, Allahabad, 
Patna, Agra and Saugar. 

Professor Bhatnagar has widely contributed 
to the knowledge of magnetic chemistry. 
The relation between physical properties 
and chemical constitution has been ex¬ 
citing interest from the early days of 
structural organic chemistry. What are 
known as colligative properties were useful 
for this study and were employed. That 
magnetic susceptibility measurements 
could be used for this purpose effectively, 
has been the main theme of his 
contribution. He has used this method 
not only for the study of pure chemical 
compounds but also for the study of 
solutions, films and colloids He was 
also engaged in the study of adhesion 
and cohesion in emulsions. He brought 
the adsorption film theory of emulsions 
to a definite form by laying adequate 
stress on the wetting of absorbed film. 
The greatest contribution of Dr Bhatnagar 
is of course the development of CSIR 
and the Chain of associated national 
laboratories. 
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SCIENTIFIC RESEARCH AND EDUCATION IN INDIA 

S S Bhatnagar 
(delivered at Patna, 1948) 


I am deeply grateful to the Fellows of 
the National Institute of Sciences of 
India who elected me their President. 
This is the highest honour which they 
can bestow upon their fellow-colleagues 
and I am thankful to them for this 
recognition of my humble services to 
science. 

With the great change in the outlook of 
political India with the advent of Inde¬ 
pendence, events in the world of science 
are bound to march forward It is no doubt 
true that the political developments and 
rioting which followed the partition of India 
brought to a standstill the programme of 
development which was m hand parti¬ 
cularly in the northern regions. Our cons¬ 
truction programmes of the National Physi¬ 
cal Laboratory, National Chemical Labo¬ 
ratory and the Central Glass and Ceramic 
Research Institute, were completely stopp¬ 
ed. With great difficulty we are restarting, 
though slowly. Nevertheless progress has 
been spontaneous in many directions. In 
the Ministry of Works, Mines and Power, 
the projects for the development of power 
by damming rivers have made vast strides. 

The following projects are well in hand: 

Mahanadi Project: Work has already started. 
This scheme is expected to cost Rs 47|- 
crores and will be able to produce 350,000 
KW of electric energy. Total land ex¬ 
pected to be irrigated when the project 
is completed is IT million acres. 

Bhakra Dam: Work has already started. 
This scheme is expected to cost about 
Rs 65—75 crores and the total land ex¬ 
pected to be irrigated will be about 2 
million acres. 300,000 KW of electric 
energy are likely to be produced. 


Damodar Valley Project: Work is expected 
to be started in a few months’ time. The 
cost of the scheme is expected to be 
about Rs 35 crores. 300,000 KW of 
electric energy are expected to be produced 
when the scheme is completed 8 dams 
are likely to be constructed. 

Kosi Project: This dam is expected to be 
800 ft high, the highest in the world and 
this will be able to produce 1-8 million 
KW of power Work is expected to be 
started sometime in 1948-49. 

Besides these four projects, several other 
projects are being actively planned and 
work is expected to be started in about a 
year’s time. Some of these are: Narbada 
and Tapti projects, Indrawati project and 
Godavari project. 

Possibility of power development in Assam 
are also under active consideration. 

The Central Government maintains a 
number of institutes for training and re¬ 
search in agricultural sciences, animal 
husbandry, veterinary sciences, dairy, 
forestry and fisheries. The Government 
have sanctioned schemes or the expansion 
of facilities for research and training in 
these institutions The Scientific and Tech¬ 
nical Manpower Committee, about whose 
recommendations I propose to deal later, 
have recommended that the time has come 
when a co-ordination of agricultural educa¬ 
tion and training might be accepted 
through the creation of an All-India Agri¬ 
cultural Council The proposal is now 
under the consideration of the Government. 
The Indian Agricultural Research Institute 
is expanding facilities for training and 
research in all the major branches of agri¬ 
cultural sciences. The greatest necessity 
is felt that facilities for training and re- 



152 


PRESIDENTIAL ADDRESSES 


search in the basic agricultural sciences 
are provided for our young men at the 
highest level so that it becomes less neces¬ 
sary to send young men abroad excepting 
for specialised training m specific subjects 
and gaining up-to-date experience of techni¬ 
que and ideas abroad. This was the mam 
purpose for which the Indian Agricultural 
Research Institute was founded. I am glad 
to say that it is expanding now on these 
lines. During the last year the Agricultural 
Department gave serious consideration to 
the importance of measures of control of 
wheat against rust The serious damage 
to the wheat crop last year which meant a 
loss of more than a million tons of wheat 
drew the attention of the Grovemment to 
the subject. A scheme of research based 
on the note prepared by the staff of the 
Indian Agricultural Research Institute— 
this note has been published in Science and 
Culture —^was sanctioned by the Indian 
Council of Agricultural Research with a 
view to effectively controlling rust problem. 
Very important work has already been 
done and the new scheme aims at 
strengthening the existing work and ex¬ 
panding further on all India basis the 
research work on the subject. 

Another matter which should receive the 
attention of all of us is the question of 
increased production from land. Two 
reports concerning soil productivity and 
soil conservation have been prepared and 
are under consideration of the Indian 
Council of Agricultural Research. 

For some years, the Council of Scientific 
and Industrial Research has been making 
efforts to bring into being a number of 
national laboratories. The National Chemi¬ 
cal Laboratory at Poona, the National 
Physical Laboratory at Delhi and the 
National Metallurgical Laboratory at 
Jamshedpur, have already been plaimed 
and the work of construction has already 
started. The Central Glass and Ceramic 
Research Institute at Calcutta and the 
Fuel Research Station at Dhanbad are also 
busy in completing their building opera¬ 
tions. The technological block of the 


Central Glass and Ceramic Research 
Institute is already working. When these 
laboratories are ready—they have been 
unfortunately very much delayed for 
reasons over which we had no control— 
they will constitute some of the finest 
laboratories in the world. Meanwhile the 
research work in these various fields has 
also been started at these centres in hired 
or improvised buildings. 

Amongst the new schemes of expansion 
sanctioned by the Council of Scientific and 
Industrial Research may be mentioned the 
following: 

(1) A nucleus of Building Research Unit which has 
started functioning at Roorkee with a skeleton 
staff and has published results of some interest 

(2) A Road Research Institute at Delhi is being 
actively planned and attempts are being made 
to secure a plot of land for the Institute on the 
Muttra Road. 

(3) The Council has agreed to the estabhshment of 
a Central Drug Research Institute 

(4) The Council has also agreed to the establish¬ 
ment of a Food Technological Laboratory. 

The Finance Ministry has agreed to pro¬ 
vide funds for the effective planning of the 
Drug Research Institute and the Food 
Technological Laboratory 

The Council welcomes the establishment 
of the Indian Standards Institution We 
are particularly happy as this is a child of 
the Council which sponsored its early 
establishment. 

In the field of scientific and technical 
manpower, the Scientific Manpower 
Committee appointed by the Ministry of 
Education submitted their Interim Report 
some time ago. The Final Report is ex¬ 
pected to be submitted by the end of 
February next. The Interim Report has 
been considered by the Cabinet and the 
recommendations made by the Committee 
have been generally accepted. 

The Committee have recommended mea¬ 
sures which the Government should initiate 
without loss of time in order to meet, to 
some extent, the existing shortage of scienti- 
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fic and technical personnel. These measures 
relate to: 

(i) Expansion of facilities for higher scientific and 
technical education and training; 

{it) Medical education and training; 

(ttt) Scientific and industrial research and training; 
Industrial training; 

(v/ Technical training for Defence Services. 

The Committee are of the opinion that the 
present facilities for scientific and technical 
education are utterly inadequate and in 
order that the immediate needs of the 
country for scientific and technical person¬ 
nel may be met in as short a time as 
possible, it is necessary for the Government 
to initiate measures which may start bear¬ 
ing fruit within a year or two. The 
Committee have expressed the opinion that 
there should be a fourfold increase in the 
output of technical personnel so that 
industrial progress may be possible. 

The Committee have recommended that 
for an immediate improvement in the out¬ 
turn of scientific manpower the Govern¬ 
ment should utilise the existing sources, 
viz., universities, special institutions and 
the industrial concerns, by helping to create 
in these places adequate facilities for higher 
education, research and practical traimng. 
Such help as is to be given should be 
largely in the form of grants for (a) the 
creation of scholarships on a generous 
scale, (i) the purchase of equipment, and 
(c) the opening of post-graduate research 
departments in the universities which do 
not have any at the moment. 

Some of the general recommendations of 
the Committee may be summarised below: 

(a) Top priority should be given to imports of 
scientific equipment and apparatus for educational 
institutions and the Government should allow rebate 
on the import duty on such equipment. 

(i) Surplus war material of scientific value should 
be made available to educational and research 
institutions, free of cost as far as possible. 

(<?) To faalitate the training of additional workers 
in institutions and industrial concerns, the 
Government should evolve suitable machinery for 
expediting building construction at various training 
centres and also provide necessary funds for the 
purpose. 


(d) To overcome the great difficulties experienced 
by the Government in implementing most of their 
schemes, the Government should— 

(i) permit the administrative departments con¬ 
cerned to make direct recruitment to scientific 
and technical posts in special cases instead of 
depending on the Federal Public Service 
Commission; 

(it) create a Scientific Service at par in status 
and emoluments with Administrative Service 
sinular to that created in Great Britain; 

(m) improve the salary scales of teachers especially 
those engaged in technical education; 

(tv) provide funds to enable institutions to send 
their experienced staff overseas to visit im¬ 
portant centres of scientific and technical 
education and research; 

(v) institute a large number of scholarships for 
post-graduate and research training in 
institutions in India; 

(vt) permit the construction of buildings for edu¬ 
cational institutions through private agencies, 
(vti) delegate a greater amount of power than at 
present to heads of educational and research 
institutions; 

(viu) place at the disposal of institutions block 
grants for implementing the programme 
approved by the Government, instead of 
grants from year to year; 

(ix) consult scientific and technical men at all 
stages when taking decisions on technical 
matters, 

(x) take steps towards maintenance of a National 
Register of Scientific and Technical Personnel 
by the Council of Scientific and Industrial 
Research through the agency of the National 
Institute of Sciences of India 

The keen, interest taken by the Prime 
Minister and the Cabinet of the Indian 
Government inspires us with a new hope 
and it looks as if Science will get a chance 
of service. New opportunities and new 
responsibilities offer themselves to us and 
the National Institute of Sciences has to 
play an important part in building the 
New India. 

Inciptt Vtta Nova: ‘Here begins a new life ’ 
There are moments in the lives of a nation 
as well which forcibly recall Dante’s words, 
for one glimpse of freedom may spell for 
a whole people what a glimpse of Beatrice 
did for Dante With the ushering of Indian 
freedom on August 15, Indian science too 
cried out in ecstasy —Incipit vita nova. 

The tzisks of scientific education in this 
country henceforward have to be vastly 
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different from those assigned to it hitherto. 
In the past, scientific education has aimed 
mostly at equipping a number of people 
for the profession of teaching, or of routine 
testing, whether of a medical variety or of 
an engineering or industrial variety. A 
certain, number of such scientific workers 
were in any case needed to keep the 
imperial machine going—to build and 
maintain its roads and railways, to run its 
communications on modem lines, to serve 
its armed forces and its administrative 
personnel, to man the various surveys for 
collecting the data needed by the foreign 
exploiter. To some extent the people, no 
doubt, benefited, but undeniably an im¬ 
perialist bias underlay the entire activity. 
The Geological, Botanical and other 
Surveys collected scientific data but they 
did so inspired by an imperialist purpose. 
The linguistic and ethnographic data, 
collected no doubt often with much skill 
and industry, could be used for the imperia¬ 
list political purpose of indicating the moral 
that no nationhood could be claimed for a 
mere congeries. The scientific Surveys of 
India’s resources were primarily inspired 
by the imperialist purpose of the exploita¬ 
tion of these resources by her alien rulers. 
Even scientific research carried out in 
India was often not freely available in this 
country. During the late war formulae 
and processes evolved in Indian labora¬ 
tories were often handed over to other 
countries and since they were industrially 
more developed, they could utilise them 
for greater advantage. In a free India 
science is no longer to be the tool of a 
foreign imperialism, and its two great tasks 
now are to develop Indian scientific talent 
to its utmost capacity so that it can make 
a worthy contribution to humanity’s pool 
of scientific thought and knowledge, and 
to develop India’s resources so t^t the 
lot of the common man in this country may 
be improved. To raise the economic 
standards of the common man, it is 
necessary that the speed of industrialisation 
be a good deal accelerated. This would 
require expansion in the available scientific 
personnel and it is among the immediate 
tasks of scientific education in this country 


to meet this demand for enhanced scientific 
personnel. Indian industrialisation de¬ 
mands an adequate exploitation of her vast 
power resources. No one will contend that 
today she has the technical personnel she 
needs for this task. Again, India will have 
to develop her science and industry for 
defence purposes, if she is to maintain her 
freedom and to pursue an independent 
foreign policy, or to pull her weight in 
defence arrangements in a commonwealth 
or a system of alliances. Under foreign 
tutelage her scientific workers were not 
permitted to peep into the secrets of the 
War Office. But henceforward it is going 
to be the responsibility of Indian science 
to see that the Indian defence organisations 
do not suffer for want of scientific know¬ 
ledge and scientific personnel. 

What is to be the language of science 
in India? Hitherto science has been 
taught and studied in this country, from 
the secondary school onwards through 
English—though there have been laudable 
efforts to produce scientific terminology 
and some scientific literature in Indian 
languages The new context would not 
permit this state of things to continue. The 
teaching of science will henceforward have 
to be done through Indian languages and 
our universities and learned bodies and 
scientists and teachers must now be called 
upon to take effective steps to make this 
possible without any impairment of 
efficiency—in fact the efficiency must be a 
good deal raised if we are to prove equal 
to our new big tasks in free India. In a 
very few years, we may take it, the teach¬ 
ing in the topmost university classes will 
be through Indian languages, though of 
course those going up for higher studies 
will find a working knowledge of one or 
two European languages essential. Those 
engaged in research are sure to find a 
knowledge of English and other European 
languages almost as necessary as they do 
at present. But there seems to reason why 
stodents in our universities who will be 
listening to lectures in the science theatres 
in their own languages should not have 
a supply of scientific text-books in these 
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languages, though for sometime these will 
necessarily have to be supplemented by 
those in European languages particvilarly 
in English. Our universities and learned 
bodies and education departments have to 
give immediate attention to the task of 
producing a supply of scientific text-books 
and scientific journals in Indian languages. 
The task, I should think, is one which 
would require the offices of a central co¬ 
ordinating agency. The chief hitch at 
present would be the want of ready-made 
scientific terminology. This is a problem 
that requires very careful thought and 
much expert and erudite labour and it 
must not be decided in a hurry. The 
Ministry of Education of the Government 
of India sometime ago set up a committee 
to go into this question and so also did 
the National Institute of Sciences. The 
Committee set up by the Institute seems 
to favour, when it informally met, the 
retention of English for the time being, as 
a vehicle of thought for advanced scientific 
knowledge, and the retention of the English 
technical and scientific terms in scientific 
writing in Indian languages. Scientific 
writing in India may have to be done in a 
number of languages, but it will be 
stupendous waste of labour if each of these 
sets about coining its own scientific terms—• 
such an enterprise might cost as much 
labour as did the Tower of Babel and for 
science in India its results might be no 
more propitious than those commonly 
associated with that monument. 


of vocabulary, its facility m ne w forma¬ 
tions, its having been the mother of Indian 
languages, and with its religious and cul¬ 
tural position in India not less important 
than that of Latin in Christiandom—are 
no less significant. But that is a question 
I would much rather not go into here. 
For the immediate future I think we have 
to be content with the English terminology, 
though it is plain this is just ‘making do’ 
and not a satisfactory or final solution of 
our problem. We shall soon start looking 
for such a solution, perhaps a fresh stock¬ 
taking may be necessary after the Consti¬ 
tuent Assembly has made its decision with 
regard to India’s national language At the 
moment all I can say is that we must not 
lose sight of our objectives and they are* 

(a) Indian scientific workers must be able to draw 
upon the world pool of scientific knowledge, 
and in repayment of this debt their own scientific 
work must be available as a contribution to 
this pool in a language which is not too difficult 
to learn and may have to be English. 

(b) For the free exchange of scientific knowledge 
among the various centres in India a uniformity 
of scientific terminology is essential. It is hoped 
that the Fellows of the Institute would give the 
country a real lead in these matters. 

The country has witnessed a catastrophe 
the like of which has not been seen in 
the world in what has followed the parti¬ 
tioning of India. A large number of people 
have been displaced and they are all over 
the place as refugees. Science has not been 
safe from this tragedy and a great many 
scientists of note as well as professors and 
students have been rendered homeless. 


To have a imiform scientific and technical The Government of India in spite of the 
terminology for all Indian languages is a vast magnitude of this tragedy have done 
desideratum that all interesting themselves a great deal to relieve the situation. The 
in this problem will do well to bear in Delhi University has come to the aid of 
mind. In the West the scientific terms the former Punjab University and have 
generally do not differ much as you pass taken up the Honours Schools in Gheiiustry 
mom one European language to another, and Physics under their auspices. Attempts 
The common ancestry of European scienli- are also being noade to start camp and 
fic thought in that of Greece, and the double shift colleges so that a large number 
common acceptance of Latin as the of displaced teachers and students may be 
language ofleaming during some centuries, usefully occupied. A deep sense of patrio- 
have been of great help in creating this tism pervades the country and the rather 
uniformity. The mention of Latin will to difficult problem of rehabilitating medical 
many be an inevitable reminder that the ' and engineering students has been satis- 
potentialities of Sanskrit with its richnessJ^^factorily solved and all the medical colleges 
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in India have agreed to divide the Punjab 
students amongst themselves. Similarly 
the Thomason College of Engineering at 
Roorkee has absorbed all the Punjab 
students who were working for engineering 
subjects. It is the prime duty of the 
National Institute of Sciences to see that 
these brethren of ours who have been so 
displaced are suitably employed. It is much 
to be regretted that this premier body of 
Indian scientists has not yet addressed it¬ 
self to the solution of this important 
problem. I appeal to the fellow scientists 
who have gathered here to remember these 
unfortunate brother scientists and see that 
any help that is possible is given to them 
in their domains. 

I cannot conclude this address without 
saying a word about the practical utilisa¬ 
tion of results of research in various fields 
in the new India. Although scientific re¬ 
search IS a search for truth for its own saJke 
it will be considered an expensive luxury 
and no exchequer will vote funds for it 
unless results of practical utility or for 
reducing suffering or poverty were the out¬ 
come of our investigations and while I 
should not like to mimmise the importance 
of scientific research for its own sake I must 
draw the attention of our scientists to the 
great need of applying their knowledge to 
the good and betterment of India. 

In this connection, it is perhaps not out 
of place to point out that the utilisation 
and development of research result is a 
difficult problem in itself to which consider¬ 
able thought and time have been and are 
being devoted in other countries particu¬ 
larly in the United Kingdom, USA, and 
Canada, etc. It would perhaps be desirable 
to describe some of the methods employed 
in these countries to attract the attention 
of the industrialists and potential individual 
who is likely to use and derive the ultimate 
benefit from the research activities. A 
review of these methods has recently 
appeared in the British Commonwealth 
Scientific Office Memo. No. 525 (United 
Kingdom Scientific Mission Memorandum 
No. 66/47 dated the 25 th August, 1947). 


The British Commonwealth Scientific 
Official Conference set up in 1946 a 
Standing Committee Working Party to 
determine ways and means of promoting 
the utilisation of non-patentable scientific 
and technical data. The Committee con¬ 
tacted various American and Canadian 
agencies to determine methods in operation 
in these countries in connection with both 
patentable and non-patentable discovenes. 
Of these the methods found to be most 
satisfactory and now in general use are 
briefly outlined below. 

The methods employed by the Federal 
and State Agricultural Colleges (USA) in 
interesting farmers and others likely to 
benefit by the implementation of their 
results fall in three categories, viz.: 

(a) Methods that reach the masses: News, stories, 
circular letters, radio, cinema, exhibits, bulletins 
and posters. 

(b) Methods that reach groups. General meetings, 
demonstration meetings, leader training meet¬ 
ings, extension schools and study courses 

(c) Methods that reach individuals; Demonstra¬ 
tions, farm and house visits, office calls, tele¬ 
phone calls and correspondence. 

The Bureau of Agricultural and Industrial 
Chemistry (USA) has given much thought 
to determimng the best methods of keep¬ 
ing industry informed and to getting com¬ 
mercial firms to develop the laboratory 
scale results obtained in its Regional 
Laboratories After several years of experi¬ 
mentation, the Bureau has found that the 
best results are obtained by one or more 
of the following five methods: 

{a) Demonstration by pilot plants which show to 
mdustrialists how the process can be operated 
on full production basis. It is the Bureau’s 
experience that if this course is not adopted 
then more often than not the potentially interest¬ 
ed industrialist will not take the trouble to give 
a new process a tryout 

(b) Frequently the Bureau enters into a co-operative 
agreement with industry, i.e. a firm’s-plant is 
used to develop a process worked out on the 
laboratory scale by the Bureau’s staff. To avoid 
possible jealousy or recriminations from other 
potential users, the Bureau wherever possible 
asks the appropriate industrial trade organisa¬ 
tion to nominate the firm with which it enters 
into a formal or informal collaborative agree¬ 
ment. 
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(c) Each Regional Laboratory has one scientist on 
its staff who devotes his whole time to liaison 
work between the Bureau and industry. The 
liaison officers keep industry informed of the 
Bureau’s activities by personal visits and they 
also endeavour to deternune nature of industry’s 
problems and utihse the information so gathered 
in plannmg future research programmes of the 
Bureau. Many large firms reciprocate by 
appointmg liaison officers who work in the 
reverse direction. 

(rf) The Bureau tries to get itself represented on as 
many trade orgamsations as possible. This has 
been found to be one of the best means of 
winning industrial confidence and ensuring 
interest in the Bureau’s research activities. 

(e) The Bureau makes the fullest possible use of 
pubhcations, encouraging its scientists to publish 
their research findings in a wide variety of 
recogmsed scientific journals. 

All these methods and more will have to 
be adopted by us in India to make science 
really effective and understandable to 
masses. Realising the importance of this 
aspect the Government of India set up an 
Industrial Research Utilisation Committee 
in 1941, a year after the creation of the 
Board of Scientific and Industnal Re¬ 
search. Since April last this Committee has 
been replaced by an Industrial Liaison 
Committee whose functions remain the 
same as those of the Utilisation Committee. 
The success of similar utilisation methods 
will show even to the lay Indian public the 
great advantages of scientific research. 

To take one concrete case only, it is esti¬ 
mated that vegetable oil lubricants valued 
at Rs 5 crores were produced by the oil 
companies from the processes worked out 
by the Council of Scientific and Industrial 
Research The Council did not derive any 
direct monetary benefit from this process 
but if the oil companies made a nett 10 
per cent profit on these, they paid taxes 
on Rs 50 lakhs profit and if this figure is 
worked out it will come to quite a sub¬ 
stantial amount. In addition to this some 
50,000 tons of shipping space with its sea 
freight and handling charges was saved 
and if this is calculated, the savings will 
amount to a handsome figure. Similarly, 
antigas cloth valued at over 1 crore of 
Rupees was manufactured from the 
Council’s formula. Here again the Council 
did not derive any direct monetary benefit 


but the indirect benefits to the country’s 
economy will be found to be considerable 

There are, however, processes in which 
both direct and indirect advantages are 
obtainable and enhance the value of re¬ 
search in the eyes of financially minded 
individuals and corporations in the 
country. 

Amongst the indirect benefits may be 
mentioned the increased earmngs in 
income-tax, super-tax, excess profits tax 
and corporation tax, besides provincial and 
local taxes, which accrue to the Central 
Government as a result of the profits 
derived by industry from the Council’s pro¬ 
cesses To these might be added the benefits 
derived by the country’s economy from 
savings in exchange resulting from dirmnu- 
tion of imports of products developed from 
several of the processes. In addition to these 
the industries and processes developed 
have provided employment to a consider¬ 
ably large number of men and the provision 
of this additional employment of labour 
brings in its train innumerable benefits 
which it IS difficult to detail. 

Before I close, it is my pleasant duty to 
offer a hearty welcome to the foreign dele¬ 
gates who are attending the current session 
of the Indian Science Congress. It is very 
gratifying to learn that an Australian 
Scientific Delegation which is visiting this 
country on the invitation of the Govern¬ 
ment of India for the first time is expected 
to be present in Patna in time for the 
Science Congress. These visits have amply 
shown the growing signs of internationalism 
of science in India and have proved that 
science is really international in character 
and transcends politics. To these foreign 
delegates India’s young scientists give the 
assurance that in the new India they will 
prove their altruistic interest in science by 
constant collaboration with their colleagues 
all the world over and by working dis¬ 
interestedly m the cause of scientific re¬ 
search and development. It is only through 
the efforts of the scientists of all countries 
that a real United National Organisation 
can emerge. 
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S S Bhatnagar 
(delivered at Allahabad, 1949) 


It is my privilege to speak to you oace 
again this year at the annual session of the 
National Institute of Sciences. I am most 
happy and proud that this honour has 
fallen to my lot again. The year under 
review has been a most momentous one. 
The joy of our independence was marred 
by a tragedy the scars of which will remain 
on the Nation for all time to come. I refer 
to the cruel assassination of the Father of 
the Nation, Mahatma Gandhi. Our or¬ 
phaned Nation under the able guidance 
of our national ministers, has despite this 
tragedy, proceeded with the work of 
national development 

Our National Government is anxious that 
India should take her rightful place in the 
vanguard of the Comity of Nations in all 
spheres of activity and in the field of science 
in particular. It is fully realized that with¬ 
out science industrial development cannot 
proceed apace nor the standard of hving 
improved. In pursuance of its policy to 
develop science in India, our National 
Government created from the 1st June, 
1948, the Department of Scientific Re¬ 
search in order to give scientific research 
the identity and importance that is due 
to it in the modern world This Department 
is directly under our national hero, the 
Prime Minister. The Department of 
Scientific Research has been assigned some 
of the important scientific activities which 
were scattered in the past among several 
ministries. The main functions of the 
department are to co-ordinate research, 
give scientific advice to Government 
Departments, finance ad hoc scientific re¬ 
search in Universities and Research Insti¬ 
tutes, deal with ad hoc research fellowships 
in subjects in applied science, and carry 
out all work in connection with the Inter¬ 
national Council of Scientific Unions and 
the International Scientific Unions. Work 


in connection with the development of 
atomic energy has also been placed under 
this new department. An Atomic Energy 
Commission consisting of Dr H J Bhabha, 
Dr K S Knshnan and myself has been set 
up to take stock of our resources of atomic 
energy and to plan for future development. 
To co-ordinate scientific work in the 
various ministries of the Government of 
India, a high level committee of scientists 
has been set up. The work of this com¬ 
mittee is to organize team work, avoid 
unnecessary duplication and plan new 
scientific projects During the short time 
that the new department came into exis¬ 
tence it has paid out grants to Learned 
Societies and Research Institutes, totalling 
over Rs. 14 lakhs and it is anticipated that 
further grants amounting to about eight 
lakhs would be paid out before the financial 
year closes A notable achievement is the 
creation of a National Professorship of 
Physics under the Department of Scientific 
Research. This is the first National Chair 
and it will fittingly be held by our honoured 
friend and colleague Sir G V Raman at 
the Indian Academy of Sciences at 
Bangalore. 

It is a matter of special pleasure for me to 
record here the appointment of Dr D S 
Kothari, our Honorary Secretary, to the 
newly created post of the Scientific Adviser 
to the Ministry of Defence. Dr Kothari 
has lost no time in setting afoot schemes 
to make a beginning with a scientific 
organization for that ministry. The need 
for a strong scientific research organization 
for defence is too apparent to need any 
comment here. But I can say that our 
Government is fully aware of it. 

Professor PMS Blackett was invited 
during the year by the Ministry of Defence 
to advise them regarding the setting up 
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of the proposed scientific organization and 
other scientific matters pertaining to de¬ 
fence. His advice was very helpful, not 
only in regard to scientific research in rela¬ 
tion to defence, but to those of us who had 
intimate discussions with him on every 
subject. It was, indeed, a rare pleasure to 
us that almost immediately after Professor 
Blackett’s return to England, the an¬ 
nouncement was made that he had been 
awarded the Nobel Prize in Physics. This 
is a fitting recognition of his great pioneer 
work in the field of nuclear physics. 

Sir Alfred Egerton and Sir Ben Lockspeiser 
visited this country as members of Quin¬ 
quennial Reviewing Committee of the 
Indian Institute of Science, Bangalore. 
Advantage was taken of their visit and 
they came as far as Delhi. During their 
stay in Delhi they were good enough to 
discuss important scientific matters with 
the Ministries of Defence, Industry and 
Supply and the Department of Scientific 
Research They also dehvered lectures 
under the auspices of the National Institute 
of Sciences and the Council of Scientific 
and Industrial Research. 

A matter of considerable importance to 
University education is the appointment 
by the Government of India of the Univer¬ 
sities Commission to enquire into and 
report on the conditions and prospects of 
University education and advanced re¬ 
search in India and to recommend a 
constructive policy in relation to their 
special problems and the needs of the 
coimtry. The development of science and 
industry in this country will need a large 
potential scientific man-power. While 
National Laboratories and Research Insti¬ 
tutes will play an ever increasing part in 
furthering the application of science to 
industry, it is clear that ultimately we have 
to depend upon the Universities for an 
even and constant flow of scientific workers 
and leaders imbued with zeal and zest for 
research. The fast changing world condi¬ 
tions and the new role of science necessitate 
a vital change in the outlook of the 
Universities and the Government. 


I am sure that the Univeisitics Commission 
will succeed in their difficult task and the 
Government will be willing to provide 
funds to finance the reorientation necessary 
in our system of education. I had on a 
previous occasion quoted an extract from 
a memorandum which the Association of 
Scientific Workers of the UK had sub¬ 
mitted to the University Grants Committee 
of the Treasury. It would not be out of 
place to quote that again. 

‘We reiterate, then, our plea for the utmost vision 
and flexibility in budgetting for the development 
of science in the universities. Where the flowering 
of intellect is concerned, any accurate prediction 
IS. impossible. We are convinced, however, that 
peace can see at least as rapid a growth in all 
fields of science as war has brought about in some 
special applications. The only proper attitude for 
an enlightened community is to make available the 
financial and material resources appropriate to 
each stage of development. We are far from being 
in sight of either the linuts of science or the end of 
our reserves of intelhgence. Bold and flexible think¬ 
ing is therefore the prime necessity in framing 
postwar policy for the universities.’ 

Universities have been rightly regarded as 
the fountain-head of knowledge and it is 
in their free atmosphere that we should 
look forward to vigorous pursuit of funda¬ 
mental research Fundamental research is 
the source from which extraordinary appli¬ 
cations are likely to emerge and unless we 
keep ourselves m the forefront of funda¬ 
mental work it is unlikely that we would 
make much original contribution to applied 
research. I would make a special plea to 
our Universities, our Research Institutes 
and our Learned Societies not to slacken 
their support for fundamental research. 
The bounds of knowledge are infinite and 
I would urge our youngmen to follow in 
the wake of our great scientists and blaze 
the path of the better world of tomorrow. 

I may say here a few words about our 
National Laboratories. Dr Sir KS 
Krishnan has been appointed Director of 
National Physical Laboratory, Delhi; 
Dr George Sachs from USA has joined as 
Director of National Metallurgical Labora¬ 
tory, Jamshedpur; Dr J W Whitaker is 
the Director of the Fuel Research Institute 
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at Dhanbad and Professor J W McBain, 
the celebrated chemist has been selected 
as Director of the National Chemical 
Laboratory at Poona and is joining 
shortly. 

The plans for the setting up of the following 
new laboratories are well underway: 

Road Research Institute. 

Building Research Station. 

Central Drug Research Institute 
Central Leather Research Institute 
Central Electro-Chemical Research Institute. 
Central Food Technological Research Institute. 

I need not stress how much the creation 
and development of national laboratories 
are in the interest of the Nation. We have 
only to turn to other advanced nations of 
the world, to see how this work is being 
given the first priority everywhere I am 
glad to state here that in the case of the 
new National Laboratories, the Provincial 
Governments are taking a very keen 
interest and have offered free land and 
buildings for this purpose. The Government 
of Mysore have just given a magnificent 
palace worth about 50 lakhs for the 
Central Food Technological Research 
Institute. The UP Government have offer¬ 
ed buildings and land worth several lakhs 
to house the Central Drug Research 
Institute. I must also gratefully acknow¬ 
ledge the munificent donation of Rs 15 
lakhs made by Sir Alagappa Chettiar to 
be used for the construction and equip¬ 
ment of the Central Electro-Chemical 
Research Institute at Karaikudi. I hope 
that other wealthy industrialists will follow 
his example and put their hands deep into 
their pockets to give donations for the cons¬ 
truction of national laboratories and other 
scientific activities of our country. I feel 
sure that my appeal will not go unheard. 

I have, with an eye to the future, repeatedly 
urged that Co-operative Research Asso¬ 
ciations and Laboratones should be set 
up by industry. I am glad that one such 
Research Institute is being planned by the 
Ahmedabad Textile Millowners Research 
Assodation and that the textile millowners 
of Coimbatore have also formed a Research 


Association and are contemplating the 
establishment of a Textile Research 
Laboratory. 

There is an old saying and a very true 
one that ‘great things never begin as great’. 
The start that has been made in Ahmeda¬ 
bad and Coimbatore is a good augury for 
the future May I once again plead with 
the industrialists of the country that they 
should make an effort to foster the growth 
of co-operative research associations and 
laboratories, for from them must spring 
not only greater efficiency and output in 
the industries concerned, but such associa¬ 
tions would foster among the members a 
sense of disciphne, a sense of loyalty and a 
courageous outlook for the future. 

Perhaps the most notable event of the year 
for the National Institute of Sciences was 
the acquirement of land m New Delhi on 
which is to be built the permanent home 
of the Institute It was an uphill task to 
get this piece of land and in spite of 
opposition from several quarters we, how¬ 
ever, succeeded m getting the plot of land 
we wanted The Hon‘ble Prime Minister 
kindly laid the foundation stone of the 
building of the Institute. It is indeed to be 
regretted that the construction could not 
so far proceed beyond the laying of the 
foundation stone. This is due to many 
causes, the chief of which is the urgent 
need of the Ministry of Relief and Rehabi¬ 
litation which has made it impossible for 
us, in the face of the needs of the people 
for housing, to press for priorities of a high 
order for this building. The needs of the 
people had to come before the needs of a 
building for the Institute. The Government 
when it gave the land, did not lay any 
conditions that any price would have to 
be paid for the plot, but recently it has 
been stated that a price would have to be 
paid. The Government attached no condi¬ 
tions when making us the gift and we feel 
that the Government is committed to let 
us have the land free of any charge. The 
site chosen was preferred because it was 
nearer New Delhi than the land in the 
University enclave which had been offered 
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to US by the University of Delhi. Plans 
for the building have now been approved 
and it is hoped that the construction work 
will shortly proceed with utmost vigour. 
If nothing untoward happens I do not see 
any reason why our Institute should not 
be housed in the new home during the 
present year, a home befitting the dignity 
and status of this premier scientific society 
in India. 

Before I conclude, may I touch on one or 
two problems which concern us greatly. 
As you are aware a Scientific Man-power 
Committee was set up by the Government. 
The interim report of this Committee has 
revealed a serious shortage of scientific 
man-power. The report of this important 
Committee which is now being examined 
by the Government of India stresses the 
need for training scientific and technical 
manpower so as to equip our educational 
institutes, research organizations and indus¬ 
tries to deal with the pressing problems of 
national reconstruction and development 
adequately and efficiently. The Council of 
Scientific and Industrial Research is compi¬ 
ling a national roster of scientific and 
technical personnel available in the country 
today with a view to utilize the personnel 
to the best possible advantage. 

Burke’s statement ‘expcnentia docet’— 
‘experience teaches’ might help us here. 
The youth of today must blaze the path 
of tomorrow and if we are to make them 
great we must catch them young. If we 
turn our eyes to America, we would see 
how that great country has organized 
science clubs which serve as a recruiting 
ground for scientists of exceptional ability. 
Such clubs are found all over America. 
There are about a score or so of members 
in each club and such clubs are functioning 
in more than 14,000 Junior and Senior 
High Schools. The clubs are administered 
by a Science Service which conducts aimu- 
ally a Science Talent Search through 
which promising boys and girls are selected 
for further training, taking into account 
the school record, aptitude and merits of 


essays on research subjects. The accepted 
standing joke is that a Professor is an 
absent-minded individual, and while 1 
would agree that this is rwt true, I would 
say to our Professors of today ‘do not be 
absent-minded as regards the youth of to¬ 
morrow’, for it is your duty to inculcate a 
love of Science in the young and train 
them so that they could go out indepen¬ 
dently in search of truth through the 
medium of science. Can this be done? 
Yes, it can, if we will make up our minds 
to gird our loins and to conquer our 
shortage of manpower by labour. We may 
follow the expenence of America and start 
science clubs for, if they do nothing else, 
they will inspire our youngsters with a 
love of science and that in itself is no small 
thing. 

Science knows no barriers, no boundaries, 
for it exists to alleviate the miseries of 
mankind The discovery of Atomic Energy 
has opened a new field. As days go by, 
we are learmng more and more of what 
atomic energy can do to remedy the 
ills of the people. The fields of investiga¬ 
tion cover Medical Therapy, Animal 
Physiology, Chemistry, Physics, Plant Phy¬ 
siology, Industrial Research, Bactenology 
and Microbiology and Power Production 
Pursued to its proper end research on 
atomic energy can make this earth a 
veritable paradise and it is my earnest 
hope that the scientists of today will do 
all that they can to make the millennium 
come true 

Before I close I must congratulate you on 
your selecting Professor S N Bose as my 
successor which is a guarantee that the 
affairs of the Institute would be in com¬ 
petent hands. His fame as a scientist not 
only in the subjects of Physics and Mathe¬ 
matics but in many other fields such as 
Chemistry hsis travelled far and wide. His 
interests in humanities, art and philo¬ 
sophy are no less profound. He is an idol 
of the student community and a friend of 
all interested in science whether high or 
low. I wish him the best of luck and 
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happiness in his endeavour to raise India 
through Science. 

I hope that this occasion at which we have 
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met under such happy circumstances will 
be repeated again next year when we will 
be able to record another year of work 
and achievement. 


I 



Professor Satyendra Nath Bose^ FNA’*' 

(Foundation Fellow, President, I949-b0) 




Professor S N Bose was bom on January 1, 
1894 in Calcutta. He received his MSc 
degree in Mixed Mathematics from Uni¬ 
versity of Calcutta in 1915 securing first 
position and estabhshing a record which 
IS held even to date. He was the Professor 
and Head, Department of Physics, Uni¬ 
versity of Dacca and University of Cal¬ 
cutta and Vice-Chancellor, Vishwabharati 
University. Professor Bose was Fellow, the 
Royal Society, London (1958); General 
President, Indian Science Congress (1944); 
President, Indian Physical Society (1945- 
48); Member, Rajya Sabha, Indian Parlia¬ 
ment (1952-58), National Professor of 
Physics (1958-74). He was the recipient 
of DSc (h c) degrees from University of 
Calcutta, Jadavpur, Allahabad, Delhi and 
Indian Statistical Institute and Deshiko- 
ttama from Vishwabharati University. 

Professor Bose will always be remembered 
for his ‘Bose Einstein’ Statistics (1924) 
and his contributions to Einstein’s Unified 
Field theory (1953-55) In the former, he 
pointed out conceptual mistake in 
Maxwell-Boltzmann method and showed 
that no distinction can be made between 
the individual photons. The statistics of 
Bose and Einstein when applied to light 
photons yields Radiation Law. Professor 
Bose’s work, alongwith its subsequent 
development by Fermi, provided the basis 
for dividing all elementary particlesinto two 
neat categones, the bosons after Bose and 
the fermions after Fermi. For his contn- 
bution to Einstein’s Unified Field Theory, 
Professor Bose realized the inability of the 
experts to find exact solutions of the field 
equations. In the geometncal aspect of the 
theory, it is important to solve sixty-four 
equations with affine connections and the 
metric tensors and their derivatives. Dur¬ 
ing 1953-55, he published five papers 
solving the above problems. These papers 
are believed to be mathematical tour de 
force. 

•died m 1974. 
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S N Bose 

(delivered at Poona, 1950) 

The President, Professor SN Bose, thanked 
the Fellows for his re-election for a second 
term. He gave a short review of the work 
of the Institute during the past year and 
laid stress on the good work that the 
Institute was doing m distnbuting Fellow- 
sliips to scholars attached to different 
research institutions. He was glad to note 
that the scheme of fosteiing research was 
bearing good fruit and that a number of 
interesting papers had already been pub¬ 
lished during the year by the scholars of 
the Institute which had been leceived 
favourably in the scientific woild. He 
hoped that with more generous grants 
from Government, the Institute would be 
able to contribute substantially to the 
cause of scientific progress in India. 

He remarked that the Institute had fell 
the need of a home of its own at its head¬ 
quarters for some time, and he was glad 
to be able to report that the negotiations 
for the acquisition of land on lease were 
complete and a suitable grant for the 
construction of a building, had also been 
received from the Government. During 
the year under review, a number of 
Fellows of the Institute had attended 
different international congresses and con¬ 
ferences in various countries and he hoped 
that, in future, this would continue and 
more Fellows would be able to go abroad 
and thereby promote goodwill and co¬ 
operation in the scientific world. He was 
glad also to know that a number of 
scientists of eminence from abroad were 
attending the Science Congress and had 
come also as visitors at the Annual Meeting 
of the Institute. He extended to them a 
very cordial welcome and hoped that their 
visit and their presence would give 
enduring stimulus to scientific activity in 
the country. 



DR SUNDER LAL HORA, FNA 

(Foundation Fellow; President, 1951-52) 



I 


II>jr SXj JEr^oTSL did his IvdESo 
dollege?^ H-alnoire: (no^w' irx Fakiststin.). 

joined !Zoologica.l S-Liirvey of" Irxdia uLxxdeir 
the lea.der-ship» of" JZ>ir -A.rana.rida.le arxd afire r- 
serviro.g’ ZSI iia vaariouLS cajaacitzies, he 
aretijred as its 


lZ>r" I^ora ^A^oirlced ora various asj>ects of" 
zoology in eluding- ph-y^siology, sy^stematics^ 
hionoxoaies, ecology, evolution, zoogeogra— 
jphy, ja ale o geography and history of" 

zoology hCis mam contrihution vw^as in the 
field of" taoconomy of" fishes hCe not only 
studied fishery systematies of" Indian fishes 
hut also of" all neighbouring countries such 
as -A^fghanistan, India, hurma, IPvIalaya, 
Thailand, dhina, Indonesia and Iracj He 
advocated ^Satpura Hypothesis’ hy obser¬ 
ving fauna of hlalayan range and 
JPeninsular India and attributed it to the 
migration from eastern regions to the 
ivestern the Satpura I^ange of" moun¬ 

tains of" CSentral India- 


’•'dieci in 19SS- 


I 


DAPTATION AND EVOLUTION 

L Hora 


elivered at Calcutta, 1952) 

i selecting an alternative subject for my 
Idress, *I have been greatly influenced 
r the correspondence in the recent issues 
' Nature received in this country during 
e last six weeks or so. In the issue of 
jptember 8, 1951, Dr A J Cam raised 
le question of the value of ‘So-called 
on-adaptive or Neutral Characters in 
wlution’; and, in my view, rightly 
included ‘that those characters or varia- 
)n patterns that have been described as 
)n-adaptive or random should properly 
; described as “uninvestigated”. One 
ust not assume randomness (or selection) 
ithout proof’. Professor G S Carter (1951), 
commenting on Dr Cain’s observations, 
ggests that we must accept ‘non-adaptive 
'’olution as theoretically possible, and, 
itil it is shown to play no significant part 
natural differentiation we must give it a 
ace in our general view of evolutionary 
eory’ 

seems to me that there is considerable 
■nfusion in dealing with the subject of 
Ldaptations’ and their sigmficance in 
ganic evolution. In fact, political ideolo- 
es have become intertwined round this 
bject with the result that in certain 
•untries freedom of thought in science 
now denied to individuals who hold 
ews for or against adaptations and 
heritance of acquired characters. 

attempted to elucidate the problem of 
laptations in 1930, when dealing with 
e ecology, bionomics and evolution of 
e torrential fauna. I asserted then ‘that 
solution is no more than the adaptation 
organisms to environment’ and that 
tructural modifications are produced 
trough changes of functions’. Further 
udies, both in the field and the labora- 
iry, have now convinced me that changes 
i environment initiate functional changes 


in organisms as a first step in evolution 
and that such functional changes ultimate¬ 
ly lead to structural modifications. The 
repetition of this sequence of events at 
shorter or longer intervals has determined 
the rate of evolution during various 
epochs of the earth’s history and among 
diverse groups of animals. To substantiate 
this hypothesis, I shall first refer to some 
previous observations of other workers 
and then place before you the nature of 
the evidence that has influenced me to 
come to these conclusions 

The traditional viewpoint 

In his Bancroft Memorial Lecture, Pro¬ 
fessor Frederic Wood Jones (1931) gave 
a comprehensive historical review of the 
concept of adaptations and showed how 
this point of view has been changing 
through the centuries. He starts with the 
Galenical Outlookof the 2nd Century AD. 
The earliest clear conception of the 
phenomenon of adaptations is, however, 
given in Susrutasamkita where the correla¬ 
tion between the form of fishes and their 
respective environments is discussed {vide 
Hora, 1935) A free translation of the 
relevant Sanskrit passage reads thus.— 

The river fish are bulky m the middle because they 
move with their head and tail; the lake and tank 
fish are similar to the above but arc characterized 
by a relatively smaller head; the sprmg and pool 
fish, as they have not much space to move about, 
are extremely deep behind the head; the fishes of 
the torrents are traditionally well-known by the 
possession of two characteristics, the greatly flatten- 
ed body on account of their habit of crawling with 
the chest, and a relatively reduced anterior part 
of the body. 

Unfortunately the age of Susrutasamkita 
is not at present definitely known. Some 
scholars place it as early as 600 BG 
while others consider the present text 
only as old as 200 to 500 AD. Whatever 
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may be the date of this work, it can be 
stated without any fear of contradiction 
that the concept of adaptation brought 
about by environmental factors was well- 
known to the ancient Hindus, 

Annandale on. adaptations 

In the study of adaptive evolution, the 
most outstanding work of the late Dr 
N Annandale seems to have been lamen¬ 
tably ignored but modern students will find 
in It a wealth of accurate information 
unrivalled for its clarity of thought and 
lucidity of expression. He was the foremost 
naturalist of his time and it was always his 
habit to study animals against the back¬ 
ground of their respective environments. 
I shall here draw attention to two of his 
papers written just before his death in 
April 1924 Firstly, in his Presidential 
Address to the Eleventh Indian Science 
Congress in 1924 on ‘Evolution—Conver¬ 
gent and Divergent’, he stated that ‘A 
simple explanation (of evolution) becomes 
more and more impossible and environ¬ 
ment with its unlimited gradations assumes 
an ever greater importance. Indeed it seems 
hardly too much to say that evolution is ultimately 
no more than adaptation of organisms to environ¬ 
ment’. (Italics are mine.) Again, in dealing 
with the evolution of the shell-sculpture 
in fiesh-water snails of the family 
Viviparidae (1924a), he stated. 

*My explanation of the phenomena discussed in 
this paper imphes an acceptance of the doctrine 
of the survival of the fittest and at the same time a 
firm behef m the mhentance of one kind of acquired 
character. The traumatic mjury of an individual 
can probably not affect the race, but wdess we 
assume that the Img-contmued and gradual influence of 
enoironment can do so it is dtffictdt to see how adaptive 
characters have ever arisen. The very existence of such 
characters may be denied by observers in a labora¬ 
tory or a garden plot, but in tropical nature they 
are continually being forced on the notice of the 
field zoologist’. (Italics are mine.) 

Doctrine of the survival of the 

fittest 

Annandale’s acceptance of the doctrine of 
the survival of the fittest, it will be observed, 
is not Darwinian for variations in the 
sense used by him are not random nor are 
they selected by Nature firom any hapha¬ 


zard lot but they are due to the dong- 
continued and gradual influence of 
environment’ and are thus acquired by 
the individual as an adaptation towards 
the external conditions of its existence. 
Nature is undoubtedly a very hard task 
master and, whatever may be the source 
of variations, the doctrine of the survival 
of the fittest must hold good. What I 
believe is that the animal, while still 
capable of growth, responds to the new 
situation by a slight alteration of growth; 
and, having thus responded successfully 
hands over to the next generation an 
increased capacity to respond, which is 
continually increased generation after 
generation till it becomes firmly engraved 
on the hereditary power. This implies 
that there are no random variations and 
that ‘variation is due to the different 
efficacy with which the individual res¬ 
ponds to the influence of the environment 
and that this is due to the varying degree of 
vigour possessed by the animal and that 
vigour is the one thing which varies 
continually (probably due, I think, to the 
position of the germ-cell in the genital 
organ and its varying amount of nourish¬ 
ment) and that natural selection chooses 
not the random variation but the individual 
which is most responsive to the environ¬ 
ment’ (quoted from a letter of Professor 
E W MacBride to the writer, datde 
November 8, 1928). The point made 
out by Professor MacBride is that one 
has not to consider the survival value of a 
character under study but of the in¬ 
dividual as a whole, for an organism is 
a combination of many characters show¬ 
ing responses to unlimited factors in its 
environment. 

Adaptations are functional 
modifications 

From what is stated above, it is implicit 
that all adaptations are functional and 
that when in the economy of life of an 
organism a particular morphological struc¬ 
ture becomes non-functional it persists 
for some time as a vestigeal organ. I shall 
take here a very simple case of the modi¬ 
fication of the air-bladder in hill-stream 
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fishes. In most of the sluggish-water 
Gyprinid fishes, the two-chambered air- 
bladder is well-developed to serve a 
hydrostatic function. When a fish enters 
fast-flowing waters, buoyancy will be a 
disadvantage, for the fish must tend to 
live near the bottom or in fact it must 
take to the ground habit of life. We have 
various species of Garra, for instance, in 
which we can correlate the reduction of 
the air-bladder with the development of 
the adhesive disc and the swiftness of the 
water in which the various species live 
(Hora, 1921). In loaches of the genus 
MmacMliis, I (1930a) showed how the 
air-bladder becomes reduced under the 
influence of stronger and stronger currents 
and when the air-bladder is so reduced 
and enclosed in bone that it cannot 
respond to the external environmental 
conditions, it is left alone as a vestigeal 
organ. Thus a new air-bladder is deve¬ 
loped in species of Nemachilus {=Diplo- 
physa) which inhabit lakes or other deeper 
waters at high altitudes in Central Asia. 
Here we have a remarkable instance of 
the normal functional air-bladder under¬ 
going structural modifications induced by 
the environment to ensure proper adjust¬ 
ment of its functions to the needs of the 
organism concerned. So long as it is 
sufficiently plastic, it goes on reacting to 
the external conditions of its existence, but 
the moment it is reduced beyond a certain 
stage it becomes vestigeal and if there is 
need for such a structure for the functional 
activities of the fish, a new air-bladder 
makes its appearance. Moreover, though 
functionally the new bladder may be 
similar to the old normal bladder, morpho¬ 
logically it is different, for the pneumatic 
duct in the normal bladder opens in the 
constriction between the two chambers 
while in the new bladder it opens at the 
anterior end. What differences in the 
environmental factors or genetical varia¬ 
tions have produced these dissimilarities, 
it is not possible for me to say, for the 
finer gradations between the two environ¬ 
ments still remain to be investigated. 

The reduction of the air-bladder in hill- 


stream fishes is correlated with the ground 
habit of life. This assumption is justified, 
for whichever group of fishes. Carps, 
Catfishes, Gobies, etc., has entered swift 
currents, the fate of the bladder has been 
the same. Furthermore, if the ground 
habit is a necessity in other types of 
habitats, such as the estuaries, marshes, 
etc., the air-bladder becomes reduced in 
more or less the same way as in hill- 
streams. It follows that adaptations are 
functional irrespective of types of environ¬ 
ment. 

Animal plasticity and 
environment 

A remarkable instance of structural modi¬ 
fications was observed among the two 
groups of individuals of a species of fish, 
Acanthophthalmus pangia (Hamilton), living 
within a short distance of each othei in 
the same stream by the writer (1930i) 
long ago. In one set of specimens, collected 
from among the debris at the bottom of 
a pool, the pelvic fins were absent (genus 
Apua Blyth), while in the other set collected 
from among the pebbles in a swift current, 
the paired pelvic fins were present (genus 
Acanthophthalmus Blkr.) Those whose inte¬ 
rest is to study characters only have 
already pronounced their judgment by 
keeping apart the two sets of individuals 
in two different genera and thereby 
confusing the issues of evolution. We have 
seen the same taxonomic treatment ac¬ 
corded to the species of Nemachdus that 
develop a new bladder, though still 
retaining the old as a vestigeal organ. My 
knowledge of the environment in both 
cases is yet too incomplete to explain 
these adaptations. 

Study of environment 
neglected 

Whenever I have studied the taxonomy 
of a group of fishes, which I have observed 
ahve in nature, it has always been possible 
for me to understand the functional values 
of the taxonomic characters, however 
trivial they may appear in separating 
species or subspecies. But, though I am 
trained to describe in the minutest detail 
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the characters of an organism, I am 
afraid I have always been handicapped in 
describing the environment in the same 
detail, for it entails an advanced knowledge 
of engineering, physics and chemistry. As 
‘Adaptation’ signifies correlation of an 
animal with its habitat, the study of an 
animal alone, however detailed, without a 
similar study of the environment cannot 
lead to the proper understanding of this 
universal phenomenon. 

For evaluating factors responsible for 
evolutionary changes, it is thus necessary 
to know the details of the environment. 
Though, in a humble way, I have attempt¬ 
ed such a study in reference to a few 
habitats of animals, I am fully conscious 
that they are very imperfect indeed. As 
early as December 30, 1928, Dr E J Allen 
wrote to me in reference to my studies on 
the torrential fauna already referred to • 

‘The work is very interesting indeed, and the more 
we can have of the same bnd the better. I hope 
too you will try to start some experimental work, 
and try and find out “how it is done” It is all 
very fundamental.’ 

Only recently, on the 3rd October, 1951, 
an American fidend suggested that it 
would add significantly to the value of 
my work if someone could go out in the 
field and measure water speed to permit 
correlation of the development of adhesive 
devices with proportionately faster flow. 

Here I must confess that I have never 
seriously attempted such field studies, 
which require a detailed knowledge of 
hydrostatics and hydrodynamics, though 
only such studies could enable the evalua¬ 
tion of the influence of rapid currents in 
reference to graded evolution of structures 
However, Dodds and Hisaw (1924) have 
discussed the adaptations exhibited by 
certain Mayfly nymphs of Baetis for life in 
swift currents, and have shown that a 
direct correlation exists between the 
swiftness of the current and the degree of 
reduction of the median caudal seta. B. 
tricca^attistV/ith. 3 tail setae, lives in currents 
flowing at the rate of 5 feet per second; 


B. inkrmeditis, with a shorter middle seta, 
lives in waters flowing as fast as 8 feet per 
second and B. bicaudatuSy with the middle 
seta vestigeal, lives in places where the 
water flows at the rate of 10 feet per 
second. The reduction of the middle seta 
ensures proper stream-lining of the body 
to present a stream-lined form to the swift 
current. 

Difficulties of studying 
environment biologically 

Though a physical scientist may be able 
to study in detail the physico-chemical 
factors in an environment, he may not be 
able to evaluate their biological significance 
with reference to the fauna under study, 
unless he is also a trained biologist. The 
study of adaptations therefore, requires a 
team-work approach and I think it will 
be worthwhile to start this work as a 
co-operative project by biologists and 
physicists. Whenever I have been able to 
get the assistance of a physical scientist, 
the apparent biological riddles have been 
resolved into simple elementary facts. For 
example, in Blepharocerid larvae from 
torrential streams, I was surprised to see 
that some had long spinous processes on 
them, while in others the surface was 
smooth. In ordinary circumstances, the 
development of spines would be considered 
not only useless but distinctly harmful to 
the animal in a rushing torrent Though 
it seemed to me a paradox, it was shown 
to me that under certain conditions such 
processes help to decrease resistance. For 
instance, it is known to the engineers 
that ‘in some such bodies as spheres and 
cylinders, the law of resistance may change 
widely with comparatively small altera¬ 
tions in the conditions; thus, for example, 
at certain speeds the resistance of a sphere 
may actually be reduced by roughening 
the surface’ (Gibson, 1923) 

I shall refer here to another instance 
which baffled me for long. Certain Sisorid 
Gatfishes, such as Conta Hora, Glyptothorax 
Blyth and Baguvia Hora, living in swift¬ 
flowing rocky streams have an adhesive 
apparatus formed of longitudinal folds 
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of skin on the thorax while certain others, 
such as Pseudecheneis Blyth, Propseudecheneis 
Hora and Parapseudecheneis Hora, have 
developed transverse folds m the chest 
region (Hora, 1952A). After considerable 
study and thought, it became clear that 
when a cyhndrical fish enters swift 
currents, it will develop longitudinal folds 
along the ventral surface to increase 
friction, while a flattened fish will develop 
transverse folds This view is strengthened 
by the fact that when the cylindrical 
fishes, as an adaptation to the ground habit 
of life on rocks in swift currents, become 
depressed and flattened and the function 
of adhesion is passed on to the paired 
fins, the outer rays become flattened and 
develop transverse adhesive folds 

The above two instances show that a 
biologist alone cannot properly interpret 
variations in structures, unless he under¬ 
stands the responsible physical factor or 
factors in the environment equally well. 

Magnitude of adaptive 
variations 

It IS now conceded, even by geneticists, 
that ‘adaptation is very unequally distri¬ 
buted through the several taxonomic 
ranks In general it is considerable in the 
high ranks, slight or wanting in the low 
ranks’ (Shull, 1951). According to this 
dictum, the characters that define classes, 
orders, families and genera have perhaps 
some adaptive significance, while those 
characterizing genera, species, and sub¬ 
species have rarely any adaptive impor¬ 
tance In my opinion, this merely indicates 
that we understand very little of the 
unlimited gradations in the environment 
against which only the minor characters 
of an animal can be equated I have 
mostly worked on the taxonomy of hill- 
stream fishes dunng the last 32 years and 
have made extensive collections from all 
over India myself. I have not only collected 
fishes fi:om mountain torrents, but have 
also tried to understand their ways of life 
through observations and simple experi¬ 
ments carried out in the field. In classifying 
these fishes right up to the subspecies rank. 


I can say with a considcrd.ljlc degree of 
confidence that even the so-called most 
insignificant characters, such as number 
and disposition of scales; number of rays 
in various fins and the shape of fins, nature 
of the mouth and associated structures, 
appendages in the axils of fins, etc, etc., 
have some adaptive significance when 
considered against the background of 
environmental factors. For instance, it 
has been observed over and over again 
that in fishes that adhere firmly to rocks 
by applying their ventral surface, the 
ventral portions of the gill-openings, being 
non-functional m such circumstances, gra¬ 
dually close up, and ultimately they are 
greatly reduced and are restricted to the 
dorsal surface above the pectoral fins. 
A critic from America has recently written 
to say that ‘This is simply not true. Many 
Gobies which have adhesive discs and 
sit on the bottom have ternfic gill clefts 
My guess would be that Hora’s fishes 
have their gill-openings restricted because 
they are living m such thoroughly oxyge¬ 
nated water and are not active and have, 
as a consequence, an easy time respira- 
tionally’. The adhesive disc of the Gobies 
is formed by the union of pelvic fins and 
the ventral surface of the body is, therefore, 
usually not closely applied to the sub¬ 
stratum. Accordingly, in Gobies as a rule, 
there is no interference with the ventral 
extensions of the gill-openings But when 
the Gobioid fishes enter torrential streams 
and the body becomes greatly flattened, 
the gill-openings are restricted to the sides 
and extend to the ventral surface for a 
short distance only (Hora, 1932^). 

It is probably true that, when the gill- 
openings thus become restricted to the 
dorsal surface in hill-stream fishes, further 
reduction of their size is due to the highly 
oxygenated nature of the water. The 
adaptation that I have not yet been able to 
account for is the extensive nature of the 
gill-openings in the Chinese Homalopterid 
fish Sinogastromyzon Fang, in which the 
ventral surface and the paired fins do 
form an adhesive disc. Some observations 
on the respiratory mechanism of this fish 
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will HO doubt help in elucidating this 
adaptation. For the present, it can be 
included in the list of those adaptations 
which need to be investigated. 

Parallel evolution signifies 
adaptation 

As early as 1922, Annandale and I com¬ 
mented on a remarkable case of parallel 
evolution in the fish and tadpoles of 
mountain torrents by referring to the 
development of a suctorial disc in the 
fishes of the genus Garra Hamilton and 
tadpoles of Rana afgham Gunther. 
Annandale (1924a) again referred to it 
and, on the basis of my work on Garra, 
pointed out that the different forms found 
in different types of environment cor¬ 
respond very closely with different stages 
in the post-larval development of the most 
highly specialized species. He then pre¬ 
dicted that though ‘our knowledge of the 
tadpoles is less complete, the analogy 
between them and the fish is so close that 
it is impossible to avoid the conclusion 
that a similar (but of course not an 
identical) line of evolution has been 
followed’. Annandale’s prediction came 
true when I (1932) studied the develop¬ 
ment and probable evolution of the 
suctorial disc in the tadpoles of Rana 
qfghana Gunther, Similarly, in the case of 
Homalopteroid fishes, I (1932a) predicted 
that forms intermediate between Vanma- 
nenia Hora and Fomosania Oshima still 
remain to be discovered, and so it was no 
surprise when Fang described Praeformo- 
.sania. The entire classification of the 
Homalopteroid fishes is based on adaptive 
characters and when discoveries of future 
taxonomic units can be predicted, it 
seems reasonable to believe that there is 
some directiveness in evolution. 

Taxonomy and adaptations 

In 1949, I discussed how a taxonomist 
assesses a species and how the value of 
characters may change with individual 
workers or when more material becomes 
available. I shall extend this point by 
referring to the changes that have taken 
place in recent years in the classification 


of the Homalopteroid fishes, in which even 
the minutest characters used for taxo¬ 
nomic purposes can be shown to have 
some adaptive significance. 

In 1920, I published a revision of the 
Indian Homalopteridae and Day’s Homa- 
loptera was divided into three genera In 
1932, after examining considerable 
material in European museums, I found 
that this very characteristic family is 
polyphyletic and showed on the basis of 
morphological characters that, whereas 
Homaloptera and its allied forms were 
derived from the Cyprimdae, Gastromyzon 
and its allied forms have been derived 
from the Cobitidae. In 1949, I had an 
opportunity to examine the material of 
these fishes in the American museums. As 
a result, the previous view was confirmed 
and the old Homalopteridae was definitely 
divided into two families, the Homa¬ 
lopteridae and the Gastromyzonidae 
(Hora, 1950). Though the material avai¬ 
lable for study of these fishes is very 
limited, we have studied them from several 
aspects, such as cranial osteology (Rama- 
swami, 1952), structure of scales (Law, 
1950), and systematics and zoogeography 
(Silas, 1952), These studies have shown 
that the Gastromyzonidae comprise two 
definite stocks independently evolved from 
the Cobitidae, the Crossostommae and the 
Gastromyzoninae. Further, both the 
Gastromyzoninae and the Crossostominae 
are independently evolved on the mainland 
of Asia and in the island of Borneo (Hora, 
1952a). In each group and in each geo¬ 
graphical area, there are several lines of 
independent evolution showing thereby 
that the over-riding influence of swift 
currents has moulded several Gobitid 
forms independently and have made them 
converge so as to look superficially alike. 
For lack of enough material, our investi¬ 
gations into the so-called Homalopteridae 
of the older writers are not complete 
though I have been studying this family 
of fishes for over a generation now. True 
enough, Darwin enunciated his theory of 
the Ongin of Species on the basis of accu¬ 
mulation of a ^at deal of data, but such 
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eacyclopaedic knowledge is perhaps not 
possible in these days. Now is the age of 
intensive studies, not of a single order or 
family but sometimes of a genus from all 
aspects. Though on account of the time 
factor, it may not be possible to demons¬ 
trate experimentally the role of adapta¬ 
tions in speciation, one will have to turn 
to the specialists of genera and species to 
buUd the edifice of the science of Orgamc 
Evolution. 

Evolution: divergent and 
convergent 

Both Annandale and I have been greatly 
impressed by the fact that evolution does 
not follow a straight course. One notices 
at every step that to meet the requirements 
of the environment sometimes the charac¬ 
ters converge and sometimes they diverge, 
but always with the ultimate aim of 
achieving the same object. In the study 
of the Homalopterid fishes or the fishes 
of the Glyptostemoid group of the family 
Sisoridae, one comes across divergent and 
convergent evolution in regard to every 
taxonomic character (Hora and Silas, 
1952). The sum total of all the characters 
constitutes the organism which shows a 
remarkable adaptation to the environment, 
whatever may be the fine of evolution of 
each character. The evolution of each 
character is determined by the initial stage 
at which It starts so that it acts as mere 
clay under the pressure of its environment, 
which moulds it and remoulds it so as to 
keep It fully adjusted to the requirements 
of the external condition of its existence. 

How do new characters arise 

Annandale (1924fl) thus summarized his 
views on evolution: 

‘Mendelism is true in some cases; some species 
produce mutations, but gradual changes also take 
place under the influence of environment, and are 
perpetuated. In some circumstances these changes 
are utilized and become more strongly developed, 
in some they produce harmless by-products; in 
others the result is harmful and the race perishes. 
No one formula can express, much less explain, 
evolution.’ 

Since Annandale’s time we have observed 


many more facts concerning adaptations, 
we are accordingly in a position to take 
a much bolder stand in evaluating their 
importance in evolution. Whatever may 
be the source of vanations, Lamarckism, 
Mendelism, Darwinism, Weismannism, or 
any other, each variation is subjected to 
the test of its fitness to the environment 
if It passes that test it survives, otherwnse 
It is wiped out. The most predominant 
factor in evolution is adaptation and 
Dr Cain is, thereby, perfectly justified in 
cautioning students of evolution ‘that 
those characters or variation patterns that 
have been described as non-adaptive 
or random should properly be described 
as “unmvestigated”. One must not 
assume randomness (or selection) without 
proof'. 

In the evolution and distribution of the 
hill-stream fishes of south-east Asia, we 
have now found that the orogemc move¬ 
ments that gave birth to the Himalayas had 
a great role to play. The movements 
affected the neighbounng countries and 
produced many resultant mountain ranges. 
The streams in the Himalayas and the 
associated mountain ranges became re¬ 
juvenated with each upheaval, thus pro¬ 
viding a very favourable stimulus foi the 
production of more and more specialized 
adaptive fishes As the peninsular region 
remained more or less stable during these 
orogemc movements, we did not under¬ 
stand the evolution of new genera of 
fishes in the Western Ghats having affinities 
with those found in the Assam Hills, 
Eastern Himalayas and further east. Now 
we know that this was made possible by 
the tilting of the Peninsula by which the 
Western Ghats was uplifted and the 
streams in it were rejuvenated (Menon, 
1951), thus providing a direct cause for 
the production of genera like Bhavama 
Hora and Travancoria Hora. Hence it will 
be seen that we require to supplement our 
biological studies with a knowledge of 
the palaeogeography of India before we 
can hope to understand the problems of 
evolution and distribution of our torrent- 
inhabiting fishes. 
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Principles of evolution 

In the above account of various aspects of 
adaptations and their bearing on organic 
evolution, I have relied mainly on observa¬ 
tions I have made myself or of which 

1 have personal knowledge. I am, therefore, 
in the fortunate position of being able to 
substantiate each observation with more 
detailed information It will be seen that 
the following biological principles can be 
enunciated for a proper understanding of 
evolutionary changes in nature: 

1. New characters, as a rule, arise as modifications 
of some pre-existing structures. There is no such 
thing as the evolution of entirely new characters 
Thus there is always an organic link between 
the past and the present 

2 Tne evolution of characters is governed by the 
innate tendencies of heredity, as well as by the 
external environmental influences In fact, both 
Nature and Nurture play a significant part in 
the make-up of an individual 

3. New variations or characters, by whatevei means 
they may arise, are tested for their adaptiv'eness 
to the external conditions of the existence of the 
organism concerned The non-adaptive charac¬ 
ters, if harmful to the existence of the organism, 
disappear or the race perishes In the end, only 
adaptive characters persist and form the basis 
of future evolutionary changes It must be 
remembered that evolution is of the animal 
through the production of purposeful characters, 
and not of the characters without any relation 
to the life of the animal. 

4. Evolutionary changes are thus directed towards 
achieving certain definite objectives. Evolution 
takes tortuous paths for the attamments of its 
objectives, for it goes on moulding and re¬ 
moulding pre-existing characters to fit them to 
the needs of environment. This view is amply 
justified by marked divergences and convergences 
one comes across in Nature Tne same objective 
can be gained by similar organisms by applying 
different means or conversely by diferent 
animals by resorting to similar modifications. 

5. Fluctuations m environmental conditions, 
whether of the gene-complex or of the animal 
as a whole, are the main sources of variations and 
thereby of the production of new characters 
In the case of the hillstream fish-fauna of south¬ 
east Asia, the production of new families, genera 
and species can be correlated with the orogenic 
movements due to the birth of the Himalayas 
or other similar violent earth movements. So 
long as the environment remains static, the 
organisms do not change very much, but any 
dynamic environment, such as torrents, marshes, 
estuaries, shore-line, etc., is an open book for the 
study of evolution. Palaeogeographical changes 


have very often converted a static environment 
into a dynamic one and it is during such periods 
of the earth’s history that vast evolutionary 
changes have been observed 

Conclusion 

I believe I have made it sufficiently clear 
that the study of evolution is in the mam 
a study of adaptations Adaptations resolve 
themselves into two mam lines of investi¬ 
gation the study of the characters of the 
animals and the study of the environment 
in which the animal lives The study of 
characters has advanced to a very high 
pitch of efficiency, for we are now studying 
the minute parts of chromosomes and 
interpreting them in terms of heredity 
We are, on the other hand, still very 
ignorant of environment This deficiency 
IS mainly responsible for our quarrels 
about the theories of evolution and for 
the inadequate understanding of man and 
his needs The future lies m ecological 
studies, whether of organisms or of man 
So long as we remain ignorant of environ¬ 
mental gradations, it is better to follow 
Dr Cain’s advice and treat apparently 
non-adaptive character as ‘uninvestigated’. 
This attitude of mind will at least enable 
the younger generation to investigate 
nature more thoroughly, and thereby, to 
cull from it the secrets of evolutional y 
changes. 
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AN ICiHTHYOLOGIST LOOKS AT INDIAN PALAEOGEOGRAPHY 

S L Hora 

{delivered at Lucknow 1953) 


Today, in India as elsewhere, we are once 
again inclining towards a unitary view of 
knowledge: indifferent specialization alone 
leads away from it. This fact is not just a 
suitable, perhaps provocative, introduction 
to an address such as this, for I have ex¬ 
perienced Its truth deeply in my work. 
In my principal subject, ichthyology, for 
example, I have found that the more 
intensively I studied it, the more extensive 
my enquiries and approaches have become. 
I had to acquire perspectives from other 
sciences and kindly specialists in other 
disciphnes; I had to find relevant patterns 
of thought in history and patterns of life 
in geology; and periodically I had to 
reassess what I had learned and relate it 
to the march of science in our country 
Otherwise, there was no purpose in 
learmng it. 

On this anniversary occasion, I am 
encouraged to offer you another of these 
syntheses, my purpose this time being to 
consider some of the paleogeographical 
problems of India in the light of contempo¬ 
rary information about the evolution and 
distribution of our fresh water fishes. The 
major points I shall try to make are that 
the northern landmass and Gondwanaland 
were connected by a land bridge in the 
Assam region until the Middle Eocene; 
that the Himalayan foredeep of the 
Miocene-Pliocene period could not have 
been the Indo-brahm or Siwalik River 
of the geologists; and that the Garo- 
Rajmahal Gap became a physiographic 
feature of India only during the glacial 
epochs of the Pleistocene I hope that 
certain other points will also emerge as 
I proceed. 

Freshwater Fishes of the Triassic 

Our earliest known freshwater fishes were 
Dipnoans or Double-Breathers, popularly 


known as ‘Lung-Fishes’. It is characteristic 
of them that, in addition to having gills 
for aquatic respiration, their air-bladders 
are modified to function as lungs for 
aerial respiration. They have not survived 
in India, but we find their fossil remains 
in the Maleri Beds of the Godavari Valley, 
which are stated to be definitely of the 
Upper Tnassic Period, about 170 million 
years ago. Their present day discontinuous 
distribution in Australia, Africa and South 
America is further evidence of their great 
antiquity 

The Dipnoans are represented in the 
Indian fossil fauna by the genus Ceratodics 
Agassiz, which had evolved during the 
early Tnassic in the northern landmass 
and soon became the dominant freshwater 
fish of the period It is necessary at this 
stage to have an idea of the geography of 
the world during the Trias. There was then 
the Gondwanaland in the south, which, 
besides Peninsular India, included 
Australia, Madagascar, the southern parts 
of Afiica, South America and Antartica; 
and a northern landmass in the north, 
which included North America, Europe, 
Siberia, China and Indo-Ghina. These two 
continental units are believed to have been 
separated by an east-west running ocean 
called the Tethys, of which the 
Mediterranean Sea is now the remnant. 

The migration of Ceratodus to the Gond¬ 
wanaland shows that in the Lower Triassic 
a land bridge had been established, which 
divided the Tethys Ocean and made it 
possible for Ceratodus to spread all over the 
Gondwanaland. From India, it wandered 
to Australia in the Lower Triassic, and 
continued to live there until the Upper 
Cretaceous; its fossils are found in Afnca 
from the Lower Triassic to the Upper 
Cretaceous, but in South America its 
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fossils are known only from the Upper come to us almost in the same form as 
Cretaceous beds. E^nceratodus in that part of the world. 


The genus is now extinct, but a very 
closely allied form, Epiceratodus Teller, is 
now found in Queensland. During my 
visit to Australia in 1951, I had several 
opportumties of seeing this fish and, 
not finding it coming to the surface, I 
was surprised to learn that in well-aerated 
aquaria or ponds, the fish never comes to 
the surface to breathe. Aerial respiration 
is resorted to only when the water becomes 
foul and deficient in oxygen. It has already 
been recorded by Bridge (1904, p. 510) 
and Romer (1947, p. 123) that this fish 
is not capable of burrowing in mud, 
like the Dipnoan fishes of Africa and 
South America to which we shall refer 
presently. 

Geratodus and Climate 

The distribution of Geratodus in space and 
time, and its ecology as inferred from the 
habits of Epiceratodus, give us some clue 
to the climates of the Triassic Period. 
There were large rivers, which often 
flooded the neighbouring areas and filled 
up extensive perennial depressions. The 
vegetation, which was carried by floods 
in the same depressions, was still fairly 
luxuriant. There must have been dry 
periods of prolonged duration when the 
vegetation decomposed and used up dis¬ 
solved oxygen. These were evidently 
unfavourable conditions for fishes, but 
Geratodus could survive them. 

In North America, Europe, Afiica and 
Australia, the dry seasons seem to have 
lasted for longer periods, thus bringing 
about the fossihzation of Geraiodus from the 
Lower Triassic period. India experienced 
complete desiccation in the Upper Triassic, 
when the Dipnoan fishes perished; but 
favourable conditions for their existence 
seem to have persisted in other areas until 
the Upper Cretaceous Period. In Queens¬ 
land, the ecological conditions of the 
Lower Triassic seem to have continued, 
more or less unchanged, to the present 
time, with the result that Geratodus has 


In Africa, Geratodus seems to have given 
rise to Prodopterus Owen under long- 
persistmg marshy conditions, lasting over 
millions of years, which probably induced 
the habit of burrowing in mud and 
thereby tiding over conditions of drought. 
This habit led to elongation of the form, 
degeneration of paired fins, reduction of 
scales, and so on. In South America, these 
tendencies seem to have been still further 
accentuated with the result that Lepidosiren 
Fitzinger is more or less an eel-hke fish, 
capable of aestivating in its underground 
cocoon for very long periods. That such 
has been the course of events is further 
illustrated by the modifications undergone 
by fishes of the Magur family (Glanidae: 
Siluroidea) on their arrival in Africa from 
India during the Pliocene Period, at the 
most about 10 million years ago. 

Freshwater Fishes of the Jurassic 

After a period of desiccation during the 
Upper Triassic, the conditions seem to 
have become favourable again during 
the later Triassic; for we find that the 
Gondwanaland received an invasion of 
the Ganoid fishes from the north about the 
end of the Upper Triassic or beginning of 
the Lower Jurassic Period. Australia 
appears to have separated from the 
Gondwanaland at this time, since no 
Ganoid fish seems to have migrated to 
Australia. The shrunken Gondwanaland 
comprised Peninsular India, Madagascar, 
South Africa and South America. 

The remains of the Ganoid genera Lepidotus 
Agassiz, Tetragonolepis Brown and Depedius 
Leach are found in the Upper Jurassic 
Kota Beds of the Godavari Valley. Of 
these, lepidotus seems to have arrived 
earlier, for it spread to Madagascar and 
South America. All the three genera are 
extinct at present, having died out in the 
Upper Jurassic. In Madagascar, they 
became extinct in the Lower Jurassic, 
while in South America they persisted till 
the Lower Cretaceous. 
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Freshwater Fishes of the Cretaceous 

By the Lower Cretaceous, favourable eco¬ 
logical conditions for fish life seem to have 
been established again, when another 
invasion of Ganoid fishes [Pycnodus Agassiz, 
and Lepidosteus LacepMe) took place. 
Pycnodus is extinct at present, but its fossils 
are known from North America (Lower to 
Upper Cretaceous), Europe (Lower Creta¬ 
ceous to Eocene), India (Upper Cre¬ 
taceous) and Africa (Eocene). Lepidosteus 
appeared somewhat later and is still 
living in Eastern North Amenca, Central 
America and Cuba Its invasion of the 
Gondwanaland extended only as far as 
India. 

Both these genera became extinct in India 
with the earliest phase of the lava eruptions 
that formed the Deccan Traps. Their 
fossils are found in the Upper Cretaceous 
Lameta Beds at Dongargaon In my 
opinion, these fishes did not survive long 
in India and Africa to spread to South 
Amenca, because some later records of 
fish distnbution show that South Amenca 
still formed a part of the Gondwanaland 
during the Upper Cretaceous Their fossil 
records from India show that trap forma¬ 
tion in the Deccan commenced in the 
upper Cretaceous, and brought about a 
vast devastation of the fauna and flora. 

Freshwater Fishes of the 
Eocene 

After the first phase of the extensive lava 
flow had ended, normal conditions gradu¬ 
ally returned again; and another invasion 
of the Ganoid fishes of the genus Lepi¬ 
dosteus took place early in the Eocene, 
about 60 million years ago They provide 
evidence that the Assam land bridge was 
still in existence, and that Afiica and 
India still formed a part of the truncated 
Gondwanaland. Another phase of volcanic 
eruption exterminated the last known 
Indian Ganoid fishes, their fossil remains 
from the Inter-trappean beds at Pahar- 
singha and Kateru being described by 
myself in 1938. 

About the same time, some Teleostean 


fishes also invaded the Gondwanaland 
from the north. Representatives of one 
remarkable family, the Osteoglossidae, 
were described from the Inter-trappean 
beds of Deothan (Hora, 1938). The now 
extinct genus Musperia Sanders is not only 
recorded from In^a, but from the Upper 
Eocene beds of Sumatra as well; and it 
is further remarkable that the modern 
genus Scleropages Gunther, an undoubted 
descendant of Musperia, is now found m 
Thailand, the Indo-Auslralian Archipelago 
and Australia. 

The palaeogeographic conclusion is that 
the mainland of Asia at that time was 
directly connected with Australia, through 
Sumatra and other islands of the Malay 
Archipelago Thus, after its severance 
from the Gondwanaland, Australia be¬ 
came directly connected with the northern 
landmass, but this connection seems to 
have lasted only for a short period; for 
the Acanthopterygian fishes that spread 
to Afnca and South America on the one 
hand, and to the Indo-Australian Arclu- 
pelago on the other, do not seem to have 
reached Australia. 

The varieties of Acanthopterygian fishes 
known from their fossil scales, embedded 
in the Inter-trappean beds at Deothan, 
Kheri and Takli, indicate that they lived 
in marshy, estuarine conditions. Some 
variety of Koi Machch {Polycanthus G V.), 
and alhed fishes of the family Nandidae 
{Nandus G.V., and Prislolepis Jerdon), 
formed the bulk of the fish-fauna of that 
period, which not only spread over the 
whole of South-East Asia but also entered 
Africa and South America. Like the 
Dipnoan and Osteoglossid fishes, the dis¬ 
continuous distribution of the families 
Nandidae and Anabantidae shows their 
great antiquity. 

Absence of Freshwater Fishes 
in the Miocene 

Though carps and catfishes dominate the 
freshwater fish-fauna of India today, and 
though they had made their appearance 
on the mainland of Asia during early 
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Eocene times, the conditions over the 
Assam land bridge do not seem to have 
been favourable for their migration to 
India One fragment (a scale) was doubt¬ 
fully referred by me (1938, p. 274) to 
the Ambramidinae, which includes very 
primitive varieties of the carp family. 
Some pnmitive genera of Indian carps are 
found in Africa too, which adds weight 
to the probability that the early Eocene 
fish-fauna of India included Musperia, 
Polycanthus, JVandus, Pnstolepis and Rasbora; 
but the eruption of the Deccan Traps 
during the Lower Eocene seems to have 
exterminated them completely. 

During the Middle Eocene, a transgression 
of the Bay of Bengal northwards snapped 
the Assam land budge and separated 
India from the rest of Asia The trans¬ 
gression of the sea also made it impossible 
for freshwater fishes to invade India. The 
dating of the period of this transgression 
has been made possible by Sn A G K 
Menon’s recent identification (seen m 
MS) of a marine Pycnodont Ganoid fish 
from the Middle Eocene marine deposits 
of the Garo Hills in Assam. 

With the breaking up of the Assam land 
bridge, freshwater fishes could no longer 
invade India, while those that had ciossed 
ovci in the Lower Eocene were extei- 
minated by the successive outbursts of 
lava Consequently, there was no fresh¬ 
water fish in India throughout the Miocene 
period This surmise is supported by the 
absence of freshwater fish m the Indian 
deposits of this period 

Freshwater Fishes of the 
Pliocene 

The next invasion of freshwater fishes 
from China to India took place in the 
Pliocene, as we know from the Siwalik 
fossils. The earliest fossils are those of 
the Siluroid [Magur) genera Clarias Scopoli 
and Heterobranchus Geoffrey. They are 
specialized air-breathing fishes, which 
flourish in marshy areas and are capable 
of tolerating very low salinity. The re¬ 
mains of an Acanthopterian air-breathing 


fish, Ophicephalus Bloch, are also known 
from the Siwahk deposits, it being pre¬ 
sumed that this fish wandered to India 
along with Clanas and Heterobranchus. In 
the Pliocene Siwahk beds, probably of a 
somewhat later penod, are remains of 
other sluggish-water catfishes of the genera 
Ckryswhthys Bleeker, Mystus Scopoli and 
Rita Bleeker. Somewhat later still, two 
other genera of Siluroid fishes, Baganus 
Bleeker and Silurus Linnaeus, probably 
migrated to India, their remains being 
entombed m the Siwahk rocks. These 
fishes live in clear waters at the bases of 
hills. 

The freshwatei fishes of the Siwahk Period 
enumerated above fall into three ecological 
associations 

(1) Aii-bieathing fishes of niaishy aieas Clanas, 
Hetetobranchus and Ophicephalus 

(2) Fishes of pools, ditches and other sluggish-water 
areas* Chrystchthys, Mystus and Rita 

(3) Fishes of clear, flowing waters Baganus and 
Silurus 

It is presumed that the clear water fishes 
were the last to arrive in India for the 
following palaeogeographical reasons; 

We have noticed that the Bay of Bengal 
extended northwards to China and Tibet 
from the Middle Eocene, and that the 
sea very probably separated India from 
the rest of Asia during the whole of the 
Miocene At the close of the Miocene, or 
early in the Pliocene, the sea would seem 
to have receded southwards, leaving 
stretches of low marshy areas extending 
between China and India. As most of 
the monsoon winds of that period must 
have crossed to the north over this marshy 
area, it can safely be presumed that its 
ecological conditions dunng the early 
Pliocene must have been similar to those 
of Lower Bengal at the present time. 

It was under such conditions that the 
air-breathing fishes populated this region 
and spread to India. In fact, Clanas, Hetero- 
branchus and Ophicephalus were able to cross 
the whole of India and the Middle East to 
spread as far as Africa. There is abundant 
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evidence from the Siwalik fossils that 
marshy conditions dominated the early 
Pliocene along the southern foot of the 
Himalayas. Gradually, marshy conditions 
were replaced by drier lands, with pools 
and ditches, which gave India Chiysichihus^ 
Mjstus and Rita. Towards the end of the 
Pliocene, the low east-westwards hills of 
the young Himalayas seem to have made 
their appearance in the region between 
China and India, thus making the west¬ 
ward dispersal of Bagarius and Silurus 
possible. Therefore, during the Pliocene 
there were three invasions of freshwater 
fishes, but they only spread along the 
base of the young Himalayas in the con¬ 
tinuous foredeep. They did not move 
down into Peninsular India. 

Hie Siwalik Foredeep 

The location of all the SiwaHk freshwater 
fish fossils between a narrow stretch of 
the hills between Naini Tal and Jammu 
raises several points of interest in palaeo- 
geography, and one is almost forced to 
join in the controversy about the existence 
or non-existence of an Indo-brahm or 
Siwahk River at the base of the young 
Himalayas. Much has been written on 
this subject without achieving unanimity, 
so that a zoologist can be forgiven for 
taking it for granted that the relevant 
geological evidence is ambiguous. I shall 
attempt a solution on the evidence of 
fish distribution. 

The location of the Siwalik freshwater 
fish fossil beds between Ramnagar (near 
Naini Tal) in the east and Jammu in 
the west indicates that, in the Siwalik 
foredeep, a calm zone for sedimentation 
existed in this region. In fact, Dr M S 
Krishnan’s recent palaeogeographical map, 
in his contribution to the Rajputana 
Desert Symposium, pubhshed in the first 
Number of the Bulletin of the National 
Institute of Sciences of India, may be inter¬ 
preted as showing that the tidal salt water 
from the west and fi:esh water from the 
east mingled in this area, thus producing 
a dead water zone with no appreciable 
currents from any direction. Now the 


question is, when was the foredeep pro¬ 
duced? And the answer is that on the 
fossil evidence it was in existence in the 
Lower Pliocene. But its earher existence 
is not ruled out, for the transgression of 
the Bay of Bengal since the Middle 
Eocene permitted no freshwater fauna 
which could yield fossil evidence for the 
Miocene epoch. 

Geologists tell us that the most violent 
compressive movements occurred about 
the Middle or Upper Miocene, when the 
whole of the marme basin, now the seat of 
the Himalayas, was raised up into dry land. 
According to Dr M S Knshnan (1952), 
‘the compression had also the effect of 
forming a depression along the front 
(south) of the Himalayas. This was a long 
narrow furrow, or a series of furrows, 
stretching from the north-east corner of 
India all along the front of Himalaya to 
Jammu and Potwar Plateau and thence 
down south to the west of the Indus valley.’ 
From the physiography of the country 
dunng the Miocene, it can be reasonably 
inferred that the greater part of the 
drainage of northern India was from east 
to west, and that the furrow referred to 
above helped to carry the drainage to the 
west into the sea, even though there was 
no significant gradient, since the sea then 
extended over the Assam region as well. 
‘As compression advanced’, says Dr. 
Krishnan, ‘and the mountains in the north 
steadily increased in height, the shallow 
depression (technically called the foredeep) 
at the front became deeper and deeper.’ 
It is thus clear that the foredeep was formed 
in the Middle Miocene, since the mid- 
Miocene orogeny was the most violent of 
all the Himalayan movements. 

Numerous streams must have drained 
into the furrow from the newly formed 
mountains. During the Murree period 
(Oligocene—Lower Miocene), the waters 
in the furrow in the north-west Punjab 
were brackish, but they gradually reached 
freshness by the mid-Miocene. There is 
evidence in the Punjab Himalayas (from 
the presence of the Murree sandstones) that 
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a furrow may have come into being even 
in the Oligocene. There are no Murree 
sediments in the East Punjab and U.P. 
Himalayas, but the Dagshai and Kasauh 
beds in the Simla Himalayas seem to have 
been formed in lagoons. 

Upper Tertiary Geography: 

The Pliocene Farrow 

Before proceeding further, let us visualize 
the geography of northern India at about 
the close of the Miocene and the com¬ 
mencement of the Pliocene. There was a 
chain of low hills in the north, with a 
continuous narrow furrow to the south of 
them. The Bay of Bengal had receded from 
the Assam Himalayan region, and marshy 
areas had been formed in the regions from 
which the sea had receded. The migration 
of fishes from east to west shows that even 
these marshes drained into the furrow. 

Thus, though there was no actual river 
flowing from Assam to the Arabian Sea, 
there was a furrow that provided westward 
drainage for the whole of northern India. 
The waters in this furrow were brackish 
and tidal as far as Jammu; they were calm 
and dead as far as Naini Tal; thereafter, 
to the east, they were fresh and presum¬ 
ably flowing from east to west. Throughout 
the Pliocene, this furrow formed the reposi¬ 
tory of everything washed down from the 
land and the young Himalayas, and these 
sediments ultimately gave us the Siwalik 
Hills. Let us now follow up the events after 
the formation of the Siwalik Hills in the 
late Pliocene, 

The Pleistocene Foredeep 

Dr Krishnan (1952, p. 46) tells us that, 
after the Middle or Upper Miocene phase 
of compression, ‘the next two phases of 
the compression occurred at the end of the 
Pliocene period and during the Pleistocene 
to Sub-Recent period. TTie Pleistocene 
movement was particularly intense in the 
north-western Himalayas, as they brought 
about the rise of the Pir Panjal Range.’ 
Dr D N Wadia (1952, p. 14) is also 
emphatic on this point, for he says that 
‘It is a well-documented fact that the 


Himalaya Mountains have been elevated 
more than five thousand feet since the 
coming of Man on earth, itself the last 
great event in our Planet’s history’. 

The result of the compression movement 
of the late Pliocene, and the subsequent 
Pleistocene movements, raised up the 
Siwalik sediments into dry land; and the 
foredeep gradually disappeared, leaving a 
shallow depression in which we find the 
Indo-Ganges-Brahmaputra Valleys of the 
present day. The foredeep apparently 
moved southward, as the shallowing process 
went on leaving a narrow furrow at the 
base of the Siwahks. This new foredeep, 
which for convenience we can call the 
Pleistocene Foredeep, must have taken up 
the function draining northern India to 
the Arabian Sea. 

By this time, the Assam plateau had come 
into existence, and so the foredeep could 
flow as a nver from east to west: its remnant 
is the Indo-Gangetic Plain of our con¬ 
temporary geography. In some places, the 
alluvium is surmised to be as deep as 
18,000 feet, and below the alluvium the 
rock probably has the consistency of the 
rocks of the Siwalik Hills. 

Thus, it would appear that a part ol the 
Pliocene Foredeep also became a part of 
the Pleistocene Foiedeep. Early in the 
Pleistocene, but not the Pliocene, we had 
an Indo-Bralim River, which played a 
great part in bringing about uniformity in 
the Indo-Gangetic fish fauna; for it was 
during the Pleistocene that the greater part 
of the recent freshwater fish fauna of India 
entered the country The present-day 
drainage of northern India resulted from 
the last phase of compression, which 
occurred in the Sub-Recent period. 

Therefore, the dismemberment of the Indo- 
Brahm took place in the very late Pleisto¬ 
cene, but before the fourth and fifth phases 
of glaciation, as is evident from the spread¬ 
ing of the Gangetic fauna to the Mahanadi 
and Godavari Rivers only when the sea- 
level was much lower than it is at present. 
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This dismemberment enabled the Ganges 
and the Brahmaputra to find easy access 
to the sea through the Garo-Rajmahal 
Gap, which would appear to have been 
in existence before that period 

The Gap is so important a feature of the 
physiography of India from the view-point 
of fish distribution, that I shall now turn 
to discussing it. 

The Garo-Rajmahal Gap 

When the idea that the Vmdhya-Satpura 
trend of mountains served as the main 
route of migration for the torrential fishes 
occurred to me in 1937, the Garo-Raj- 
mahal Gap assumed special importance 
for biogeographical studies. Later, much 
evidence in favour of the Satpura Hypo¬ 
thesis of dispersal became available, and 
I (1944) provoked a discussion by writing 
an article on the probable age of the Gap. 
Several geologists took part in the discus¬ 
sion, but the position remained ambiguous 
In 1949, in the Symposium on the Satpura 
Hypothesis, the Gap received considerable 
attention, but theie remained the same 
ambiguity. 

Other ecological factors have since been 
found (Hora 1951) that permitted trans¬ 
gap dispersal of torrential animals, but the 
fact remains that the Gap seems to have 
acted as a barrier to fish dispersal during 
certain periods. Its chronology and phy¬ 
siography are accordingly of vital impor¬ 
tance in the study of freshwater fish 
distribution in India Therefore, we are 
greatly indebted to Dr M S Krishnan 
(1952, p. 47) for clanfying the sequence 
of events which led to the formation of the 
Gap. He writes: 

‘In the early part of the Tertiary era, the Assam 
plateau did not exist and the area now occupied 
by it was under the sea, for we find strata of Eocene 
age along the southern margin of the plateau. 
The plateau seems to have been uplifted to the 
present position in the Miocene period. There is 
also some evidence that a series of uplifts took place 
in Ghota Nagpur plateau during the Tertiary era. 
It seems likely that some weakness developed in the 
region between the Rajmahal hills and the Garo 
hills dunng the period of uplift of the Assam 
plateau, for tye know that the northern margin 


of the plateau is marked by a iift oi fiactuie (called 
a ‘fault’ by geologists), while the southern margin 
IS a steeply dipping arm of a flexure or fold which 
plunges down into the Surma Valley The Garo- 
Rajmahal Gap may theiefore have been formed 
either during the Miocence period of compression 
or later.’ 

According to Dr Krishnan’s maps of the 
land and sea boundaries of India during 
certain geological epochs, it would appear 
that the Assam plateau began to make 
its appearance m the Miocene, for during 
that period the land and sea boundary in 
the region of Shillong would appear to 
be more or less the same as during the 
Eocene The fault that produced the Gap 
may have occurred when the area was 
covered by the sea, for even the Pliocene 
map of Dr Krishnan still shows it under 
the sea As we have no fossil evidence of 
any fish dispersal to Peninsular India 
during the Pliocene, Dr Krishnan’s map 
must be regarded as correctly representing 
the land and sea boundaries over this 
region. 

It should be added that, though the actual 
fault may have been either of Miocene or 
Pliocene age, the Garo-Ra)mahal Gap 
seems to have taken its present form as a 
physiographic feature of India during the 
Pleistocene It was only dunng the late 
Pleistocene that the Ganges and the 
Brahmaputra river-systems appeared as we 
know them today, and found their way 
to the sea through the Gap. 

I have tned to show how, with the forma¬ 
tion of the Himalayas and the Pleistocene 
Foredeep, freshwater fishes from the north¬ 
east colonised northern India. We shall 
now see how, with the Garo-Rajmahal area 
becoming dry land, the movements of 
fishes from the north-east were facilitated 
to Peninsular India. In any case, the 
present-day freshwater fish fauna of the 
Peninsula is not older than the Pleistocene. 

Freshwater Fishes of the Peninsula 

Today 

We have seen that so long as the Assam 
land bridge between India and sonth-we?t 
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China was in existence, Peninsular India 
was invaded several times by freshwater 
fishes from the north-east: Dipnoans during 
the Triassic; Ganoids during the Jurassic 
and Cretaceous; and Ganoids and Teleos- 
teans during the Eocene. The fishes of the 
first two invasions died out completely 
owing to desiccation, while those of the 
later invasions were completely annihilated 
by the formation of the Deccan Traps 
Moreover, with the breaking up of the 
Assam land bridge by the transgression 
of the Bay of Bengal during the Middle 
Eocene, no more freshwater fishes seem to 
have invaded this part of India until the 
Pleistocene period. There are no fossil 
records of freshwater fishes from Peninsular 
India after the Lower Eocene 

We have also seen that, with the formation 
of the young Himalayas, northern India 
began to receive freshwater fishes from 
China during the Pliocene. Their fossils 
in the Siwalik beds provide ample testi¬ 
mony to this effect. Peninsular India, on 
the other hand, received its fish fauna 
after the area covered by the Garo- 
Rajmahal Gap had become dry land 
during the Pleistocene. The periodicity of 
migration across the Gap was determined 
by the eustatic movements of the sea during 
the glacial epochs. 

After the dismemberment of the Indo- 
brahm during the last glaciations, when 
the sea-level was a few hundred feet lower 
than it is now, the waters of the Ganges 
and Mahanadi probably formed a common 
delta permitting the mingling of the fauna 
The fauna that had migrated to the 
Western Ghats along the Satpura trend 
of mountains, during the successive glacial 
periods, had the opportunity of spreading 
eastwards, and to the north of the Vindhya- 
Satpuras, when the tilting of the Peninsula 
occurred during the late Pleistocene. 

All these aspects have been studied recently 
by my colleagues and myself (Hora, 1951; 
Menon, 1951; Silas, 1952; Hora, 1952, 
in press), and those who are interested in 
the Pleistocene geography of India shouldj 


I believe, find information of some value 
in these contributions. We have established, 
on the evidence of fish distribution and 
speciation through isolation and the dyna¬ 
mics of environmental changes, that the 
following geographical phenomena took 
place during the Pleistocene: 

(1) The Garo-Rajmahal Gap appeared as a 
physiographic feature of India in the Pleistocene, 
as a result of the Phocene-PIeistocene phase of 
compression of the Himalayas; or it may have 
appeared as dry land during the earlier glacial 
periods of the Pleistocene. 

(2) In the foredeep of the rising Himalayas, there 
flowed a freshwater Pleistocene river, the Indo- 
brahm, from Assam to the Arabian Sea. 

(3) Through eustatic movements of the sea during 
the glaciation phases, movements of fishes could 
take place acioss the Gaio-Rajmahal Gap; 
and It IS pi obablc that fi eshwater fishes migrati d 
to Peninsular India onlvduiing these faiouiable 
phases 

(4) The tilting of the Peninsula occurred duiing the 
late Pleistocene, and it was only then that its 
present-day west to east drainage was estab¬ 
lished Befoie the tilt, there was an east to west 
Narbada-Tapti River, flowing at the base of 
the Satpura, into which drained the Mahanadi 
and the Godavari Rivers flowing north-west¬ 
wards 

(5) Duiing the last glacial phases, after the tilt and 
the dismemberment of the Pleistocene Indo- 
brahm, both of which may be the results of 
identical foices, the Ganges and the Mahanadi 
formed a common delta. Some eontemporaiy 
tributaries of the Godavari may thin have 
diamed into the Mahanadi 

These are our principal conclusions We 
feel they are of some importance to the 
development of Asian biology, and I have 
hoped to show in this address that geo¬ 
logists and geographers can use them as 
indicators for a fuller understanding of 
the palaeogeography of our country More¬ 
over, as I hinted to begin with, there is 
a larger purpose—perhaps you can call 
it a philosophical purpose—behind the 
correlative ideas I have had the honour 
of placing before you. It is the purpose of 
closer liaison between those of us who 
seem to be working at very different 
branches of knowledge, but whose results 
merge into a unity. Sometimes we are 
inclined to lose sight of this unity, to think 
that specialization is a narrowing down of 
one’s interests rather than a means of en- 
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larging the unity of knowledge by intensive 
studies; and if what I have said this after- 
noon, and elsewhere, helps to bring about 
a reorientation of scientific approaches in 
India I shall feel amply rewarded. The 
patience with which you have listened to 
me suggests that this point of view appeals 
to you, and I thank you very sincerely for 
your encouragement. 
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PRESIDENTIAL ADDRESS 

KS Krishnan 

[delivered at Hyderabad, 1953) 


Dr. Krishnan in his presidential address, 
spoke on some recent development in 
thermionics, i e , the emission of electrons 
from hot bodies, which formed, ultimately, 
the basis for the working of radio 
valves, and of many modern electronic 
instruments. 

Dr. Krishnan said “A thin filament of 
tungsten or other suitable material, which 
can be heated inside a vacuum tube, 
forms the source of electrons, and they are 
collected m a positively charged electrode 
This corresponds to the passage of an 
electric current Such a current can be 
controlled and manipulated with ease, 
with the help of auxiliary electrodes and 
hence serve a variety of purposes. This 
explains the ubiquitous part played by 
such electronic tubes in modern instru¬ 
ments A knowledge of the emission 
characteristics of these heated filaments, 
which serve as cathodes in the vacuum 
tubes, is, therefore, of fundamental im¬ 
portance 

“Now, the electrons in a metal aie capable 
of migrating more oi less freely over the 
whole of the metal, but cannot normally 
leave the metal, since the surface acts as 
a barrier In order to be able to leave the 
metal, the electrons have to climb over 
the barrier, and have, therefore to have 
the requisite energy. This is supplied by 
heating the filament to a high temperature 
The emission of the electrons from the hot 
filaments thus resembles in some ways, 
the evaporation from the surface of a 
liquid. Such molecules as have the re¬ 
quisite energy can cross the barrier into 
the vapour state. 

“Hence, the thermionic properties of a 
metal, which usually are investigated 
through a study of the characteristic of 


emission from the surface of the hot metal, 
can be investigated even more conveniently 
by studying the saturation vapour pressure 
of the electron gas in thermal equilibrium 
with the metal at different high tem¬ 
peratures. The method bears a close 
analogy to the method of determining the 
latent heat of evaporation of a substance 
by studying its saturation vapour pressuies 

“Such a method has leccntly been deve¬ 
loped in the National Physical Laboratory 
of India The method can give a precise 
measure not only of the magnitude of the 
energy barrier at the surface, but also of 
the small variation of this energy with 
temperature, which also plays an im¬ 
portant part m determining the charac¬ 
teristics of the actual emission from the 
hot surface Many metals and alloys that 
cannot be studied by the usual methods 
based on actual emission from the surface, 
can be studied by the new method and 
they yield interesting results They thiow 
considerable light on the detailed energy 
structure of the electrons inside the metal. 
This is particularly the case with what 
are called the transition elements in the 
periodic table, like iron, cobalt and nickel, 
or platinum and palladium, in which 
there is a considerable overlap of some 
of the electronic shells. 

“The method completely eliminates the 
rather complicated and very uncertain 
part played by the presence of thin surface 
films of absorbed gases on the metal, which 
are quite unavoidable in the usual method. 
Further, it also throws light on the precise 
part played by these films These form 
the subject-matter of a series of papers 
published in the Proceedings of the Royal 
Soaety. 

“Incidentally, it may be mentioned that 
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the simple problem of determining the 
temperature distribution along a thin 
filament heated in vacuo^ which is of great 
importance in the design of sealed-in 
heating elements, such as are used in 
thermionic and other tubes, has pre¬ 
sented some serious difficulty. Though 
the integral defining the temperature 
distribution can be readily formulated, 
the evaluation of the integral could only 
be done till now either graphically or 
with the help of the calculating machine. 


‘'Tt has been shown recently that the 
integral may be evaluated in the form of 
a simple power series which is rapidly 
convergent and many interesting results 
regarding the temperature distribution 
follow naturally from the evaluation of 
the integral. 

‘^'^The effect of this known temperature 
distribution on the emission from different 
parts of the heated filament, is also of 
great practical interest 
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THE FRONTIERS OF MEDICINE 


A G Ukil 

{delivered at Agra, 1956) 


Introduction 

From the earliest times man has been 
actuated by the instinct of self-preservation 
and the natural impulse of life-interest and 
life-protection. The need for safeguarding 
life and health arose out of these considera¬ 
tions. The science of medicine began 
mostly on the basis of observations and 
speculations based on them. 

The available literature shows that, bet¬ 
ween 600 BC and AD 200, considerable 
progress was made in India in anatomy, 
major and minor surgery, internal medicine 
and pathology, midwifery and children’s 
diseases, hygiene, toxicology, elixir (^ inter¬ 
nal secretions) and sex hygiene. Hospital 
services, both for men and animals, existed, 
and nursing services were utilized. There 
were excellent rules of personal hygiene 
and some of community hygiene 

Gradually, the balmy days of this civiliza¬ 
tion receded and the Indian savants be¬ 
came speculative and bound by tradition 
The period between the second and fif¬ 
teenth century AD was a dark period for 
the science of medicine, more particularly 
in Europe. Modern science began to 
emerge in Europe in the sixteenth century. 
Subsequent scientific discoveries m physics, 
chemistry and other exact sciences had 
their impact on the medical science, which 
became steadily progressive since the 
eighties of the last century. Fifty years of 
the twentieth century saw enormous 
advances in all sciences and these had their 
impact on the science of medicine. 

The Body-mind of Man 

Medical science includes both science of 
the body—xts growth, structure and func¬ 
tions, as also their variations and derange¬ 
ment, besides ecology, and of the mind — 
its normal and abnormal behaviour under 


conditions of stress and strain in modern 
life The development and maintenance of 
normal health and the treatment of 
diseases are also within its domain 
Medicine is in reality one of the branches 
of biology and just as biology, in general, 
needs a foundation on the basic sciences 
of chemistry, physics and mathematics, so 
docs also the science of medicine which is, 
for the greater pait, applied biology 

Natural sciences deal with things and with 
beings, but the human body, in particular, 
IS endowed with the mind complex and 
human behaviour, including emotional 
aspects, which is conditioned by social 
changes and human relations at home, at 
work and in the environment. The study 
of sociology and psychology helps us to 
determine the patterns and alterations of 
human behaviour normally and in times 
of stress and strain which may affect 
physical health. Because of man being a 
biological creature, the study of sociology 
has assumed impoitance Medicine, in this 
sense, may be considered as a social 
science 

Social forces are gradually impinging upon 
medicine to an increasing extent with in¬ 
creasing industrialization and its complexi¬ 
ties The study of occupational hazards 
needs the help of physics, chemistry and 
toxicology. Social psychiatry, which is 
gradually developing into a science, deals 
with two interrelated aspects—the in¬ 
fluence of society on the origin of mental 
illness and its treatment and prevention, 
and the influence of psychiatry on society. 

The Physical Basis of life 

We can now study life firom the point of 
view of phenomena observed in physics, 
chemistry and biology. J Ferret {Mew 
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Biology, 1952, 12 , 79) defines life, as 
follows:—‘Life is a potentially self-perpe¬ 
tuating open system of linked organic 
reactions, catzilized step-wise and almost 
isothermically by complex and specific 
organic catalysts which are themselves 
produced by the system.’ Many scientific 
workers, notably Huxley, Haldane, Engels, 
Pine and Bernal, believe that organic hfe 
has evolved from inorganic origins Proteins 
are the essential basis for carrying out the 
processes one calls “life”. In fact, Engels 
referred to life as ‘the mode of action of 
albuminous or protein substances’. 

According to Bernal (1951), living or¬ 
ganisms are composed of large numbers of 
complex chemical molecules, which consist 
mostly of simple molecules, like amino- 
acids, purines, sugars and phosphoric acid, 
out of which are formed the more com¬ 
plicated macro-molecules of the proteins 
and nucleic acids and microscopically 
visible structures like membranes and 
fibres. Tracer studies indicate the existence 
of intermediate molecules. 

In terms of biological energetics, ‘life is a 
dynamic equilibnum in a polyphasic 
system’. In living cells, both anabolism and 
katabolism proceed together and energy 
drawn from katabolic processes is used in 
anabolism. A part of the total potential 
energy is available for the performance of 
work. The primary function of protein 
food is to supply the amino-acids required 
for the growth, repair and maintenance of 
the structural and catalytic machinery of 
living cells. 

Physical science helps us to understand 
biology in terms of the theory of solids 
and liquids. The development of new 
physical tools and the quantum theory 
have helped us to understand enzyme- 
promoted energy changes in chemical reac¬ 
tions and the phenomena of the growth 
and assimilation of living tissues. 

In the sphere of both structure and energy 
change, new physical and chemical instru¬ 
ments are offering the biologist un¬ 


precedented opportunities for study. The 
introduction of radioactive tracers is un¬ 
folding many reactions in both organic 
and biochemistry. For the determination 
of molecular structure, the use of spectro¬ 
scopy (particularly infra-red spectroscopy) 
and of crystallography is being made. 
Differential chromatography, which helps 
to analyse the simple and complex consti¬ 
tuents of proteins and other organic 
substances, provides a bridge between the 
chemistry and physics of large molecules. 
Physico-chemical methods have clarified 
the structure of molecules and a much 
deeper understanding of the structure and 
function of the cell containing the nucleus 
and cytoplasm has been obtained with the 
help of physical and chemical methods, 
such as the electron microscope and X-ray 
researches. 

Until the advent of the electron micro¬ 
scopy, a great gap existed between the 
knowledge of atomic combinations provid¬ 
ed by chemistry and that of histological 
structures possible to be seen through the 
microscope. With its help, the so-called 
‘colloid’ world is unfolding itself for inspec¬ 
tion and precision study. The electron 
microscope is also indicating the continuity 
between the external structure of protein 
molecules and viruses. The results of 
polanzed light and X-ray diffraction studies 
are in satisfactory agreement with the elec¬ 
tron microscopical findings. The ultra¬ 
violet, infra-red, polarizing, reflecting and 
phase microscopes are being utilized for 
further knowledge about many problems. 
It is hoped that all these technical advances 
will speed up the tempo and extent of 
biological researches. 

The chromosomes are important com¬ 
ponents of cells because they carry genes, 
the physical units of heredity which deter¬ 
mine the morphological and behaviour 
pattern of the organism. The chromosomes 
are the essential elements of heredity, 
variation and evolution. Changes of many 
types occur in the chromosomes, which 
are either natural events or experimentally 
induced effects. The study of these pheno- 
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mena has enriched fundamental knowledge 
and now provides the basis by which the 
behaviour and organization of the chromo¬ 
somes may be controlled. The expen- 
mentally induced cntena by which the 
biological efficiency of ionizing radiations 
is measured and the impact of chemical 
agents upon intracellular systems are 
revealed. The more recent advances in 
radio-chemistry have made it possible to 
study the factors of chromosome breakage 

For a little more than a decade, a most 
powerful new tool has been placed in the 
hands of biologists For most biological 
investigations, the isotopic tracer method 
has many advantages over the classical 
methods of biochemistry It is much more 
sensitive than the most refined ordinary 
chemical methods Radioisotopes enable 
us to ‘tag’ or ‘label’ elements m the living 
organism or its environment and to detect 
and measure them without disturbing the 
equilibria under study The method also 
helps us to solve problems concerning the 
distribution and fate of elements and 
compounds in the body which are normally 
present in quantities too small for satis¬ 
factory chemical determination As one 
can detect extremely small quantities of 
radio-isotopes by suitable methods, it helps 
us to detect them in the intact and living 
organism without the necessity of taking 
samples About some of its applications in 
medicine we shall talk later on 

The Contribution of other Sciences to 

Medicine 

While methods in biology, physics and 
chemistry have considerably helped in 
understanding the human body in health 
and disease, studies in sociology and psycho¬ 
logy have helped in understanding the social 
relations of medicine. 

Chemistry has contributed considerably to 
medicine. In addition to understanding 
the structure and property of substances 
which occur in the body and take part in 
metabolic processes—fats, carbohydrates, 
proteins and their intermediate products, 
it deals with the composition of drugs and 


substances used as therapeutic agents. The 
recent chemotherapeutic discoveries may 
be considered as landmarks of achievement 
Chemistry is also indispensable for deter¬ 
mining the pharmacological basis of thera¬ 
peutics. A landmark in biochemistry is the 
working out of the complete chemical 
structure of the insulin molecule (a protein) 
and of hormones and enzymes Another 
landmark is the working out of the structure 
of ACTH, adrenocorticotropic hormone, 
by which the adrenal glands are stimulated 
to activity Other hormones have similarly 
been synthesized, applying methods m 
physical science, organic chemistry and 
biochemistry—thus enlarging the limited 
divisions of these sciences 

A muscle is a physico-chemical system 
operating at constant temperatuie and 
pressure The study of contractile mecha¬ 
nism and muscle behaviour needs the 
application of thermodynamic procedures 
A study of muscle physiology needs the 
application of both physics and bio¬ 
chemistry Biomechanics is being utilized 
in the study of skeletal (such as fractures) 
and muscular systems. 

The applications of physics m medicine have 
been so diverse and so numerous that a 
vast subject of Medical Physics has deve¬ 
loped within recent years This has 
developed as a co-ordinated subject em¬ 
bracing physics, physical chemistry and 
biology Physical phenomena have helped 
to understand the physiological processes 
in medicine, such as viscosity, surface ten¬ 
sion, adsorption, optics, auditory organ 
and acoustics, photography, spectroscopy, 
spectrophotography, radiology and radio¬ 
therapy, physiotherapy, hydro-dynamics 
and electrical conduction of the human 
body. Electrical phenomena of cells, tissues 
and organisms now constitute an important 
part of the biological and medical sciences. 
These are being gradually analysed by the 
more advanced and powerful techniques 
of the physical sciences. 

The structure and properties of surfaces 
and membranes have helped us to under- 
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Stand cellular permeability and its varia¬ 
tions under stress and stimuli, including 
the phenomena of osmosis and phago¬ 
cytosis. Physical methods have also helped 
us to estimate the surface energy per unit 
area (=ergs per sq metre). 

Modern cardiology needs a knowledge of 
radiology, electrocardiography and a study 
of the circulation by radioactive isotopes 
Electro-encephalography attempts to map 
out the structure and function of the brain 
The use of artificially produced radioactive 
isotopes has opened up a large and fertile 
field for medical research, diagnosis and 
therapy. By this method, investigations 
have already been carried out regarding 
metabolism (nuclear, thyroid, plasma pro¬ 
tein, collagen, synthesis of fat and of certain 
annno-acids from ammonium citrate, 
cholesterol, carbon dioxide exchanges, poi- 
phynn, etc), measurement of effective 
circulation in a particular time, measure¬ 
ment of blood-cell and blood-volume, 
localization of brain tumours and lactating 
breast tumours, treatment of thyrotoxicosis 
with radioactive iodine, radioactive ^^Na 
and ®2Br in the treatment of carcinoma of 
the bladder, etc 

Isotopic tracer method has also been used 
in the field of immunochemistry. Satisfac¬ 
tory methods have now been developed 
for labelling antigens and antibodies with 
such isotopes as ^*^1, ®®S, i®N, and with¬ 
out seriously altering their immunological 
characteristics, thus facilitating our know¬ 
ledge about the site of antibody formation. 
Labelled antigens have been used in the 
study of many types of allergy. These 
methods may prove useful in the study of 
blood-group agglutinins and the role of 
lipids in serological reactions and in anti¬ 
body formation in the animal. 

In epidemiological investigations on infec¬ 
tions, insect vectors and carriers of infection 
can be ‘branded’ with isotopes and the 
radioactive infective agents and insects 
can be followed up as regards transmission 
and habits Identification and localization 
of radioactive materials by autoradio¬ 


graphy have helped histochemical techni¬ 
ques. Histochemical techniques have now 
been employed in the field of parasitology 
to study the cytochemical make-up of 
certain protozoal and helminthic parasites. 

The development of electronics has led to 
the manufacture of electronic instruments 
which are being increasingly used in the 
diagnosis and treatment of diseases. 

Man’s work and living in the modern 
industrial civilization expose him to vanous 
physical hazards, such as electromagnetic 
and particulate radiations, abnormalities 
of air pressure, abnormalities of tempera¬ 
ture and humidity, abnormal illumination 
and noise, acceleration, etc Their study 
and control require the collaboration of 
physiologists, physicists and chemists. 

Aviation medicine deals with man’s reaction 
to the physical variables of air density, 
environmental temperature, accelerative 
forces and the time of exposure in airciaft 
environment The recent introduction of 
rocket-driven aircraft brings in the study 
of engineering possibility of human flight 
under conditions of extremely low air 
density, oven-like cockpit temperature and 
extremely high accelerative forces. Aviation 
medicine thus brings in questions of physio¬ 
logy, biophysics, biochemistry, engineering, 
anthropology and psychology. 

An adequate way of expressing the quanti¬ 
tative character of physics is by the use of 
mathematics Biometry or quantitative bio¬ 
logy deals with the statistical study of 
biological problems So a good knowledge 
of mathematics has to be acquired by a 
medical research aspirant. 

Gollaboratioii between different 
Scientific Fields 

In the preceding paragraphs, I have al¬ 
ready referred to some fields where a 
fruitful collaboration has been achieved. 
Examples given in the following paragraphs 
are rather illustrative than exhaustive. 

In the field oipharmacology, if one wants to 
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study the metabolism, absorption, excre¬ 
tion and tissue distnbution of a certain 
chemotherapeutic drug, one can administer 
It containing a labelled atom and then 
trace out the drug and its metabolites by 
autoradiographic techniques along with 
chromatographic methods and thus find 
out the sites where breakdown of the drug 
occurs Here, synthesis of the radioactive 
drug IS the job of the synthetic chemist, 
while the remaining tasks belong to the 
biochemist, pharmacologist and biophy¬ 
sicist. Biology and biochemistry have 
shared great benefits as a result of develop¬ 
ment of biophysics. 

In the field of insect biochemistry, it has been 
found that certain flies and mosquitoes 
subjected to repeated DDT treatment tend 
to become resistant to it Recent paper 
chromatographic studies, coupled with 
radioactive tracer technique, have shown 
that the resistant fly is capable of trans¬ 
forming the absorbed DDT to a non- 
toxic ethylene derivative, probably by 
enzyme action. In this line of study, joint 
collaborative work in biochemistry, chemis¬ 
try, entomology and biophysics is needed. 

The use of radiophosphorus for the measure¬ 
ment of blood-volume and the use of radio¬ 
cobalt for the treatment of cancer constitute 
an example indicating joint collaboration 
between clinical medicine and biophysics 

Backwardness of Medical Research 

It has been a matter of concern for the 
organizers of scientific research in India, 
that biological and medical research have 
somewhat lagged behind, compared to that 
in the physical sciences In order to make 
up for this deficiency, the GSIR, under 
the Ministry of NR and SR has appointed 
a Committee for sponsoring research in 
these fields. 

Medical research in India has been back¬ 
ward for various reasons. In undergraduate 
medical education, interrelations of the 
various sciences which have ennched 
medical science are hardly emphasized. 
Most medical colleges are ill-equipped and 


understaffed, while clinicians care more 
for patients and prescription-writing than 
for researches into the unsolved problems 
of medicine In fact, a research atmosphere 
does not prevail in most of the medical 
colleges. 

Very few of the medical research centres 
in India are equipped with modern scienti¬ 
fic tools or have scientists of other disa- 
phnes on the staff with whom collaborative 
work can be pursued The universities, 
being mostly poor and apathetic, do not 
extend as much supervision and offer as 
much co-operation as in the other fields 
of study Finally, the people and the 
administrators are not yet sufficiently re¬ 
search-conscious to offer encouragement 
and provide funds 

Need for Co-ordinated Research 

From what has been stated above, it will 
be realized that the Frontiers of Medicine 
are being constantly widened by the im¬ 
pact of researches in other fields and that 
co-operation between the different branch¬ 
es of modern science, such as chemistry, 
physics and mathematics, is necessary for 
knowledge and advanced study of the 
subjects The collaboration of the clinician 
with the anatomist, physiologist, chemist, 
medical physicist, pathologist and statisti¬ 
cian may help in solving scientific problems 
by the co-opeiation and exchange of 
modern knowledge between different 
scientific fields At least one-third of the 
researches undertaken should be of a 
fundamental nature. Medical scientific 
problems must be solved by a team of 
scientists, each an expert in his own line 

I realized the truth of the above position 
in the course of my work on microbiology, 
pathology, epidemiology, climatology and 
the effect of solar radiation on human 
beings and inoculated animals, when I had 
to take the help of clinicians, chemists, 
physicists, meteorologists, epidemiologists 
and statisticians, but, in each case, I had to 
waste considerable time and energy in 
inducing them to collaborate with me. 
If there were arrangements for team work 
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in the same institution, a sizable portion 
of my time could have been diverted to 
other fruitful channels. 

I take this opportunity of making a fervent 
plea for reorganizing medical research in 
India with its base at the universities and 
the university medical colleges and its 
peak at specially organized research institu¬ 
tions to solve specific medical or health 
problems, with arrangements for collabora¬ 


tive work at every level and co-ordination 
between the interrelated departments of 
the Union and State Governments, the 
University Grants Commission and the 
different Councils of Research under the 
various Ministries. There should also be 
close co-operation between medical re¬ 
search and research in the fields of industry 
If these suggestions are accepted, medical 
research in India is likely to increase both 
in tempo and volume. 




PROFESSOR PRASANTA CHANDRA MAHALANOBIS, FNA* 

{Foundation Fellow; President^ 1957-58) 



Professor P G Mahalanobis was born in 
Calcutta on June 29, 1893 He did his post- 
graduation from University of Cambridge, 
UK where he took part I of the Mathema¬ 
tics Tripos and part II of Physics Tripos. 
He joined Indian Education Service in 
1915 and became Professor of Physics at 
Presidency College from where he retired 
as Principal in 1948. He was the Chief 
Executive since founding of the Institute in 
1931, Secretary and Director of the Indian 
Statistical Institute, Calcutta, Honorary 
Statistical Adviser to the Government of 
India since 1949; Member, Planning 
Commission (1953-67); General Secretarv 
of the Vishva Bharati (1921-31), Head, 
Statistics Department, University of 
Calcutta (1941-45) He was the Member 
of UN Statistical Commission since 1946 
and its Chairman (1954-58); President, 
Indian Science Congress (1950); Fellow, 
the Royal Society of London (1945), the 
Econometric Society, USA (1951), the 
Pakistan Statistical Association (1952), 
Honorary Fellow of the Royal Statistical 
Society, UK (1954) and King’s College, 
Cambridge (1959); Honorary President 
of the International Statistical Institute 
(1957); Foreign Member of the USSR 


Academy of Sciences (1958), Fellow of the 
American Statistical Association (1961) 
and Fellow Member of the World Academy 
of Arts and Science (1963) He received 
the Weldon Medal from Oxford University 
(1944), Gold Medal of the Czechoslovak 
Academy of Sciences (1963) on his seven¬ 
tieth birthday, the Sir Deviprasad Sarva- 
dhikari Gold Medal (1957), Durgaprasad 
Khaitan Gold Medal (1961) and the Sri¬ 
nivasa Ramanujan Gold Medal (1968) 
He received Honorary Doctorate from 
Calcutta, Delhi, Stockholm and Sofia 
Universities 

The Indian Statistical Institute was found¬ 
ed by him in 1931 The estimation 
of acreage and crop yield by random 
sampling, national sample, surveys foi 
collecting socio-economic data, consumer 
expenditure, public opinion, etc were done 
by him. Much pioneering work was done 
in the design of sample surveys; organisa¬ 
tion of field work and tabulation of records 
for which Professor Mahalanobis as well 
as ISI received wide recognition. ‘Mahala¬ 
nobis distance’ is widely used in taxono- 
mical classifications. 



SCIENCE AND NATIONAL PLANNING 


P C Mahalanobis 
(delivered at Madras, 1958) 


Introduction 

In recent years the Anniversary Meeting 
is being held separately from the Annual 
Meeting, and the tradition has been for 
the President to select a subject for the 
Anniversary Address from some branch 
of science of which he is a student and 
give a general review acceptable to other 
scientists As I cannot claim to have 
specialized knowledge of any particular 
subject, I looked at the Presidential 
Addresses of some of my distinguished 
predecessors for guidance. From the in¬ 
auguration of the Institute in 1935 I 
found a continuing concern with problems 
of organization of scientific research in 
India The functions and responsibilities 
of the National Institute of Sciences have 
also been reviewed a number of times. 
Looking back I had the feeling that many 
of the problems are still with us in one 
form or another. 

In 1938, exactly 20 years ago, Meghnad 
Saha selected for the Presidential Address 
the “Problem of Indian Rivers,” and 
pleaded for the initiation of systematic 
studies to lay a scientific foundation for 
flood control, irrigation, and navigation 
He also gave a full discussion of benefits 
which would accrue by generation of 
cheap electrical power out of the energy 
of running water. He had mentioned at 
that time: “This is a subject which is 
just beginning in India but its importance 
has not been properly realized.” He 
referred to poverty and unemployment; 
and asserted that “industrialization (was) 
the only solution of the poverty problem.” 
He also referred to planning in Russia, 
and pointed out that “when the Supreme 
Council of the Soviet adopted Lenin’s 
resolution for the electrification of the 
country, it was the USSR Academy of 
Sciences, and not a committee of bureau¬ 


crats which was requested to give a 
plan ” He concluded his Address with the 
following words: 

‘If we desire to fight successfully the scourge of 
poverty and want from which 90 percent of our 
countrymen are suffering, and lay the foundation 
of a strong and progressive national life, we must 
make the fullest use of the power which a knowledge 
of Nature has given us We must rebuild our 
economic system by utilizing the resources of our 
land, harnessing the energy of our rivers, prospecting 
foi the riches hidden under the bowels of the earth, 
reclaiming deserts and swamps, conquering the 
barriers of distance and above all, we must mould 
anew the nature of man in both individual and 
social aspects, so that a richer, more harmonious 
and happier lace may live in this great and ancient 
land of ouis ” 

The picture in the mind of the scientist 
twenty years ago has already become 
real in the great river valley schemes 
of India This is the task of the scientists, 
to formulate the shape of things to come, 
not as wishful thinking but based on the 
knowledge of Nature and worked out 
in accordance with the methods of science 
The two basic pioblems, poverty and 
unemployment, mentioned by Saha still 
remain as acute as ever The only way 
out is through rapid industrial develop¬ 
ment based on science and planning I 
feel this is an appropriate subject for my 
Address. 

“Sputnik” 

On the 4th of October, 1957, an artificial 
satellite “Sputnik” was launched by USSR 
followed in a month’s time by a second 
and bigger one carrying a hve dog We 
received this news when our Council was 
in session; and on the 6th October, at 
the desire of the Fellows of the Institute 
assembled at the Annual Meeting, we 
sent a message of congratulation to the 
USSR Academy of Sciences. 

The way to outer space beyond the 
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earth’s atmosphere was thus opened for 
the first time. It is a great triumph of 
science. Epochs of history can no longer 
be demarcated in terms of dynasties or 
of war between nations but must be 
thought of in terms of the progress of 
science and technology 

The upsurge of science in what we call 
the West (that is, m the countries of 
Europe and North America) led to the 
industrial revolution characterized by the 
use of machinery driven by steam, and 
later by electricity, for the production of 
goods, and brought about a rapidly in¬ 
creasing level of living in the industnally 
advanced countries during the last 100 or 
150 years. This increase in industrial 
production gave the West its superiority 
in armaments; and brought practically 
the whole world under its domination. 
Striking developments occurred during 
the last fifteen years Atomic energy 
(for bombs and for electricity), high¬ 
speed rockets, guided missiles and satellites 
have been developed and have great 
dangers They also have much of promise 
for the future, if we do not get involved 
in a suicidal nuclear war. 

As scientists, it is very much our concern 
to understand the significance of recent 
events Russia was practically an under¬ 


developed country at the time of the 
Revolution forty years ago The launching 
of the “Sputnik” from this country be¬ 
came possible only because of the re¬ 
volutionary progress of science and 
technology in Russia in the course of 
one single generation In Russia, as in 
all other industrialized countries of the 
world, scientific research and industrial 
production have been closely coupled; 
progress of one has been both cause and 
effect of an advance of the other. It is 
this integrated advance of science and 
industry which has made it possible for 
USSR to attain its present leading position 
in the whole world 

Scientific research and economic 

development 

In all industrialized countries we find a 
close association between the attention 
given to scientific education and research 
and the rate of increase of industrial 
production and, hence, of the improve¬ 
ment in the standard of living Consider 
the three nuclear Powers, UK, USA and 
USSR, and also two underdeveloped 
countries, China and India, which have 
the two biggest populations in the world 
and much natural resources Talile 1 
shows the population, production of steel, 
and output of energy in 1955 in these 
five countries. The equivalent total energy 


Table 1: Population and Productwn of Steel and Energy 1955 


country 

population 
in million 

electricity 

Steel 

(ingots) 

coal 

oil 

eiicigy 
(all loims) 
in terms ol 
coal 



10® kwh 


.million tons 


USA 

165 

629 

106 2 

448 

336 

1,364 

USSR 

200 

170 

45 3 

276 

71 

442 

UK 

51 

94 

20-1 

225 

0 15 

249 

China 

608 

12 1 

29 

93 

0 79 

96 

India 

382 

85 

1-7 

39 

0 29 

45 


Sources: All the figures except population in China are taken from the WV Statistical Tear Book, 1956: 
population, pp 21-36; steel, pp 261-262, coal, pp 138-140; oil, pp 143-144; electricity, pp 200-204 and 
energy (all forms), pp 308-310. The figure for oil m China relates to 1954 The Chinese population figure 
is taken from statistics prepared by the State Statistical Bureau of the People’s Republic of China 
(in Chinese). 
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in terms of million tons of coal is given 
in col (7) which includes all forms of 
commercial energy but does not include 
fuel wood and dung In Table 2 , col (3) 
gives the per capita national income at 
1955 prices in the currency of the country 
concerned; col (4) the per capita pro¬ 
duction of steel in kilograms; and col 
(5) the total commercial energy in 
equivalent kilowatt hours Approximate 
data on expenditure on scientific research 
are given in cols (6), (7) and (8). The 
actual expenditure (expressed in rupees 
at official rates of exchange) is given in 
col (6), and is shown as a percentage of 
the national income in col (7) Finally, 
the expenditure on research per person 
IS shown in col (8) More detailed in¬ 
formation and comments are given in 
two Statistical Notes (1) and (2) at the 
end of the Address. 

The estimates are admittedly approximate 
and there are well-known difficulties in 
international comparisons of income and 
expenditure Prices and the structure of 
prices vary widely from one country to 
another. Concepts and definitions used 
in different countries are often different. 
For example, the American figure for 


expenditure on research includes indus¬ 
tries It is possible that research carried 
out in industrial concerns is not included 
in the Russian figure. Nevertheless some 
striking contrasts come out clearly in 
Table 2. 

The three great powers have the highest 
per capita income, energy, steel and 
expenditure on research. China is way 
behind but has already outstripped India 
in all Items, although only a few yean 
ago China was less developed than India. 
Expenditure on research is Rs 65 crore 
in China compared to Rs 15 crore in 
India, or more than four times higher 
As a fraction of national income, China 
spends 0 4 per cent which is nearly three 
times higher than the Indian figure of 
0 15 per cent The “per person” ex¬ 
penditure in China is Rs 11 per year 
which is again three times higher than 
the Indian expenditure of Rs 0 38 per 
year In 1943 Dr J C Ghosh in his 
Presidential Address to the National 
Institute had raised the slogan of “one 
per cent of the national income per year 
for scientific research ” The three advanc¬ 
ed countries are spending nearly twice 
as much at present; and China has 


Table 2; Economic Development and ExpendiUiu on Research 1955 


country 

estimates per peison per yeai 

approximate expenditure on 
research 

national income 

Steel 

ingots 

energy 
(all forms) 

actual 

p c of 
national 
income 

per 

person 

unit 

amount 




kg 

kwh 

Rs crore 

% 

Rs 

USA 

$ 

2,000 

644 

13,753 

2,550 

1-8 

154 

USSR 

roubles 

5,000 

226 

3,367 

2,200 

1 8 

no 

UK 

£ 

300 

394 

8 118 

430 

2 1 

85 

China 

yuan 

135 

48 

267 

65 

04 

1 1 

India 

Rs. 

250 

45 

200 

15 

0 15 

0 38 


Sources * Figures in col (3) are derived from the Statistics of National Income and Expenditure, UN Statistical 
Paper, Senes H, No 10, for USA and UK; Economic Bulletin of Europe, May, 1957, for USSR; statistics 
prepared by the State Statistical Bureau of the People’s Republic of China, for China; and Estimates of 
National Income, 1948-49 — 1955-56, Government of India, for India Figures in cols (4) & (5) are derived 
from Table 1. Figures in column (6) are collected from miscellaneous sources indicated in Statistical 
Note (2) at the end while figures in cols (7) & (8) are derived from the figures in col (6) and those in 
Table 1. 
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almost achieved half the target while, 
after 15 years, India has gone only 
one-sixth of the way. 

Table 3 shows the available number and 
the out-turn of engineers and doctors in 
the five countries. Col (2) gives the 
population in million to serve as a basis 
for companson; cols (3), (5), (7) and 

(9) give the years of reference Col (4) 
shows the estimated number of engineers 
available (in thousands), and col (6) the 
annual out-turn (in thousands). In the 
three advanced countries the out-turn 
figures refer to training at University 
level; in China and India the figures 
include both graduates and diploma- 
holders. Col (8) gives the available 
number of doctors (in thousands), and col 

(10) the annual out-turn (in thousands); 
the out-turn figures refer to graduates in 
all countries The corresponding numbers 
per million of the population are given 
in the lower half of the table. 

The three advanced countries have much 
higher numbers of both “available” and 
“out-turn” of engineering and medical 
personnel. USSR has estabhshed a definite 


lead over both USA and UK, the actual 
number and proportionate out-turn of 
both engineers and doctors in USSR are 
more than double those of USA This 
indicates a striking supenority in technical 
man-power, the effect of which is bound 
to be felt in an increasing measure in 
future. Scientific and technical man¬ 
power requires a longer period of matur¬ 
ing than basic heavy industries. In this 
respect USSR now occupies, beyond 
dispute, the leading position in the world. 
It is reasonable to infer that this lead 
has some connexion with the launching 
of the “Sputnik”. 

China and India are much behind the 
more advanced countries. The available 
numbers of engineers and doctors are 
roughly of the same order in both China 
and India but China still has appreciably 
fewer than India on a population basis, 
namely, 132 engineers per million of the 
Chinese population against 188 engineers 
per million of the Indian population with 
116 and 183 per million as the corres¬ 
ponding figures for doctors. It must be 
remembered that engineering and medical 
education of the modern type had started 


Table 3; Number and Annual out-turn of Engineers and Doctors 


country 

1955 

popula- ' 
tion (10®) 


engineers 



doctors 


total 

available 

annual 

out-turn 

total 

available 

annual 
out-tui n 

year 

number 

(000) 

year 

number 

(000) 

year 

number 

(000) 

year 

number 

(000) 

USA 

165 

1950 

518-8 ' 

1956 

26 0 

1955 

218 1 

1955 

71 

USSR 

200 

1956 

721 0 

1956 

71 0 

1955 

299 0 

1956 

20 0 

UK 

51 

1956 

78 5 

1954-5 

28 

1956 

85 0 

1952-3 

1 9 

China 

608 

1955 

80-2 

1955 

18 8 

1955 

70 5 

1955 

6-8 

India 

382 

1955 

71 9 

1955 

7-0 

1955-6 

70 0 

1954 

3-1 



. number of persons per million of population 




USA 



3144 


158 0 


1322 


42 5 

USSR 



3605 


355 0 


1495 


100-0 

UK 



1539 


55*0 


1674 


37 3 

China 



132 


30 9 


116 


11-2 

India 



188 


18-4 


183 


8-1 


Sources: given in Statistical Note (3) at the end of the Address, 
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several decades earlier in India. China, 
however, has left India behind in the 
out-turn of both engineers and doctors. 
The number of engineers coming out 
every year is 30-9 per million in China 
or 60 per cent greater than the Indian 
out-turn of 18 4 per milhon in 1955. 
As regards doctors, the out-turn of Chnia 
is 11 2 per million against 8 1 per million 
of India, or 40 per cent greater. 

With the rapid expansion of scientific 
and technical man-power and of scientific 
research in USSR there has also been a 
rapid expansion in the industrial pro¬ 
duction of the country ^ The expansion of 
scientific and technical man-power and 
of scientific research, on one hand, and 
rapid increase of industrial production, on 
the other, are but two aspects of the same 
transformation. USSR and China (and 
India) have large natural resources which 
can be utilized for the benefit of the men 
who live in these countries Such utiliza¬ 
tion or exploitation of natural resources 
can be done only with the help of scientists, 
engineers, and technical personnel. It is 
clear that scientific research and availa¬ 
bility of scientific and technical personnel 
are the important factors in the economic 
development and “power” of nations, 
however it may be measured It is also 
clear that India is lagging very much 
behind in these respects. 

Economic and Social Conditions 

in India 

Consumer Expenditure. The two great 
problems of India are poverty and un¬ 


employment which aie but two aspects 
of economic stagnation and under-deve¬ 
lopment. Since 1950 the National Sample 
Survey (NSS) has been collecting infor¬ 
mation on social and economic conditions 
in both rural and urban areas of India 
Some of this material has been given in 
the Statistical Appendix from which much 
interesting and significant information can 
be obtained I shall give a few selected 
examples 

The following Table 4 gives in cols (1) 
to (4) information on the total consumer 
expenditure for the whole of India (rural 
and urban, excluding Jammu & Kashmir) 
during the period December 1955 to May 
1956. Cols (1) and (3) give the percentage 
of the population, and cols (2) and (4) 
the limiting expendituie in rupees per 
person per 30 days 

It will be seen from the first line that 
5 per cent of the population or nearly 
20 million spend less that Rs 3 2 per 
person per month; and from the second 
line that 10 per cent or more than 38 
million people spend Rs 6 2 per head 
per month From the bottom line of 
col (2), we find that 50 per cent or half 
of our countrymen, nearly 200 milhon in 
number, live on Rs 14 6 per month or le^s 
than half a rupeejday^ per person It would 
be also seen that even 90 per cent of the 
population spend less than Rs 35 8 per 
month or just over a rupee a day. That 
is, only about 10 or 11 per cent of the population 
of India can spend more than one rupee a day. 
This would give some idea of the poverty 


^ Due to destruction of steel factories during the civil war, the production of steel had fallen to 200,000 
tons in 1920 but rose to 18 3 million tons in 1940, dropped to 12 3 million tons m 1945 due to destruction 
during the war; and rose to 45 3 million tons in 1955 with a target of 68‘3 milhon tons in 1960. Output 
of black coal (in million tons) increased from 99 4 m 1945 to 276 1 milhon tons in 1955 and has a target 
of about 415 milhon tons in 1960. The output of electricity in billion (thousand milhon) kilowatt hour 
rose from 43 3 in 1945 to 170*1 in 1955 with a target of 320 bkwh in 1960. The rate of increase in the 
USSR is far higher than that achieved in the USA, UK, or West Europe. 

In China also the rate of development has been very rapid since the beginning of the First Five-Year 
Plan in 1953 Production of steel (m milhon tons) rose from 18m 1953 to 5*2 in 1957 with a target of, 
possibly, 15 million tons in 1962. Production of coal (m milhon tonsl increased from 67 in 1953 to 122 
in 1957 and has a target of about 200 million tons in 1962. The output of electricity (in billion kilowatt 
hour) increased from 9 in 1953 to 19 in 1957 with a target of about 43 in 1962. (All figures have been 
taken from ofiicial Chinese sources). 

® One rupee is about 21 US cents and 1 shilling 6 pence in British currency. 
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Table 4: Distribution by size of (a) Consumer Expenditure- 1955-56 and(b) Landholdings (1953-54) all-India 


by total consumer expenditure m rupees by size of land-holdings in acres* 

per person per 30 days^ 



per cent of 
population 

limit of 
expendi¬ 
ture in 
rupees 

per cent of 
population 

limit of 
expendi¬ 
ture in 
rupees 

per cent of 
house¬ 
holds 

limit of 
size of 
land 
holdings 

per cent of 
house¬ 
holds 

limit of 
size of 
land- 
holdings 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 


upto 

less than 

upto 

less than 

upto 

less than 

upto 

less than 

1. 

5 p.c. 

Rs. 3 2 

55 p c 

Rs 15 7 

5 p.c 

0 2 acie 

55 p c. 

4-0 acre 

2 

10 „ 

„ 6 2 

60 „ 

„ 16 9 

10 „ 

0 5 „ 

60 „ 

4 7 „ 

3. 

15 „ 

„ 8 4 

65 „ 

„ 18 4 

15 „ 

0 7 „ 

65 „ 

5 7 „ 

4 

20 „ 

„ 9 8 

70 „ 

„ 20 0 

20 „ 

10 „ 

70 „ 

6 6 „ 

5 

25 „ 

„ 10 4 

75 „ 

» 22 2 

25 ,. 

13 „ 

75 „ 

7 9 „ 

6. 

30 „ 

„ 10 9 

80 „ 

„ 24 9 

30 ,. 

1-7 „ 

80 „ 

9 7 „ 

7. 

35 „ 

„ 116 

85 ,. 

„ 28 6 

35 „ 

2 0 „ 

85 „ 

12 6 „ 

8. 

40 „ 

„ 12 4 

90 „ 

„ 35 8 

40 „ 

2 4 „ 

90 „ 

16 2 „ 

9 

45 „ 

„ 13 4 

95 „ 

„ 44 2 

45 „ 

2 8 „ 

95 „ 

26 0 „ 

10. 

50 „ 

„ 14 6 



50 „ 

3 3 „ 




in which our countrymen have to Uve 

Many other facts regarding conditions of 
living can be found from the Appendix 
Tables A 1.0, A 1.1, and A 1 2 The 
rich actually spend more on foodgrains 
but proportionally less in relation to their 
total expenditure as can be seen from 
Table All However, both actual and 
proportional expenditures on sugar, milk 
and milk-products, and clothing are rela¬ 
tively much higher among the rich, 
showing that these are essentially luxury 
items. It is interesting to observe that 
medical care is apparently the greatest 
luxury, the poor can have very little of 
It, and medical expenses go up very 
steeply as the level of expenditure increases 

Land owned by Households: Similar estimates 
are given in cols (5) to (8) of the same 
Table 4 in respect of the size of the 
holding of lands m acres owned by any 
assigned percentage of households who 
own OT acre or more of land. (House¬ 
holds owning less than 0 1 acre were 
omitted to exclude landless labour and 


non-agricultural households). It is seen 
from this table that 20 per cent, or one- 
fifth of the households, have 1 acre or 
less; 50 per cent have less than 3 3 
acre; 75 per cent have less than 7 9 acre, 

Table 5: Concentration curves of {a) comumet expenditure 
1955-56 and {b) land owned by households 1953-54 
all-lndia 


(a) persons consumer expen- total land owned 
or djture on all by households 

(i) households items by persons from 

from 


bottom top bottom top 

( 0 ) ( 100 %) ( 0 ) ( 100 %) 


cumulative percentages 


1 upto 

> 5 

P c 

1 5 

182 

02 

34 2 

2 

10 


32 

28 8 

04 

48 8 

3 

15 

5> 

52 

36 6 

09 

58 6 

4 

20 

5> 

76 

44 0 

1 5 

66 5 

5 

25 


10 1 

49 9 

2-3 

72 5 

6 

30 

JJ 

12 8 

55 3 

3 1 

77 5 

7 

35 

5? 

15 5 

60-5 

46 

81 0 

8 

40 


18 8 

65 6 

62 

84 6 

9 

45 


22'3 

70-0 

8-1 

87-5 

10 

50 


26-1 

73 9 

10 5 

89 5 


^ Based on National Sample Survev (NSS): 10th Round, December 1955—^May 1956, All-India (rural 
and urban) excluding Jammu & Kashmir. 

* Based on National Sample Survey (NSS): 8th Round, July 1954--March 1955, All-India rural area 
only. 
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and 90 per cent less than 16 2 acre. Most 
of the households in the rural area own 
very little land. 

The disparity between the rich and the 
poor can be seen more clearly from Table 
5 above. The percentage of the population 
or, alternatively, of households is shown 
in col (1). In each line, col (2) shows 
what percentage of total expenditure (of 
the whole population) is shared by the 
percentage of population from the bottom 
as given in col (1) of the same line; 
col (3) gives the share of the same per¬ 
centage of persons but from the top Thus, 
the lower 5 per cent of the population 
of India share only 1 5 per cent of the 
total consumer expenditure, while the top 
5 per cent of the population share 18 2 
per cent of the total expenditure. We also 
find that while the lower 25 per cent of 
the population share 10 per cent of the 
total expenditure, the top 25 per cent 
share 50 per cent, and that the lower 
half has 26 per cent while the upper half 
of the population share 74 per cent of 
the total expenditure. 

Similar estimates are given in cols (4) 
and (5) of Table 5 in respect of the 
proportion of land owned by different 
percentages of households. The bottom 
5 per cent own very little land, only 
about 0 2 per cent or less, while the top 
5 per cent own 34 per cent of all lands 
owned by households In the same way, 
it can be seen that the bottom 20 per 
cent have 1 5 per cent against 66 per cent 
of all lands owned by the top 20 per 
cent. The lower half of households have 
10 per cent against 90 per cent owned by 
the upper half. Disparities are much 
higher at the top. For example, the top 
one per cent of households owns approxi¬ 
mately 13 per cent of the total land; 
the top two per cent nearly 21 per cent; 
and the top five per cent of households 
own 30 per cent or almost one-third of 
all lands owned by households^. The 
concentration of land-holdings is clearly 
much greater than that of household 
expenditure. 


Employment and Unemployment Some infor¬ 
mation on employment and unemploy¬ 
ment IS given in the Statistical Appendix, 
Tables A.3.1, A 3.2, and A 3.3 I should 
explain that there are great difficulties m 
adopting m India the concept of ‘un¬ 
employment’ used in the advanced coun¬ 
tries of the world, where practically all 
gainfully employed persons receive wages 
and salaries or have earnings in money 
(except for time spent by members of 
a family on their own household work) 
It IS, therefore, possible to specify in an 
objective manner whether a person is 
gainfully occupied or is out of work 
There are of course, technical difficulties 
of standardizing the definition of un¬ 
employment even m the advanced coun¬ 
tries but these are not veiy serious In 
an underdeveloped country like India, on 
the other hand, there is inevitably a 
great deal of ambiguity in defining un¬ 
employment in an objective manner 
Much of the work in household enter¬ 
prises, in both agriculture and cottage 
industries, is done by members of the 
household and is not paid for in money. 
Also, a large number of persons work 
on their own account, such as weavers, 
tailors, carpenters, smiths, barbers, small 
store-keepers, etc. These people may have 
enough work to keep them busy the whole 
day; or they may have to sit idle for a 
part or most of the time; or may have 
practically no work in hand, and yet 
they can never be called technically 
“unemployed” in accordance with the 
concept used in the more advanced 
countries. The above considerations must 
be kept m mind in interpreting the in¬ 
formation given in the Statistical Appen¬ 
dix based on the National Sample Survey 
covering about 24,700 households in the 
9th Round: May-August 1955, and cover¬ 
ing about 17,600 households in the 5th 
and 6th Rounds, December 1952-August 
1953. It must also be remembered that 
all estimates, being based on sample 
surveys, have margins of errors of 
sampling. 

Subject to these warnings, we may say 
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broadly that about 160 million persons 
(or roughly 42 percent out of an estimated 
population of 382 million in 1955) were in 
the labour force, that is, were either en¬ 
gaged in work or were seeking work 
Among them, 2 2 million were “un¬ 
employed” in the technical sense of the 
advanced countries (Table A 3 1), which, 
however, has no clear meaning in India. 
In fact, only about 13 million persons, who 
work under Government and pubhc autho¬ 
rities or in private organized large scale 
enterprises, have employment of the type 
usual in the advanced countries (Table 
A 3.2). The technical concept of “un¬ 
employment” can be strictly used only in 
the case of these 13 million persons (out of 
a total labour force of 160 million), but is 
not apphcable to the remaining 147 million 
who work in household or small scale 
enterprises. 

In an underdeveloped country it is, there¬ 
fore, necessary to consider how many 
persons have to sit idle a part or most of 
the time for lack of work and other econo¬ 
mic reasons. From the information collect¬ 
ed by the NSS it would seem that nearly 
20 million persons normally work one hour 
or less per day, 27 million work two hours 
or less per day, and nearly 45 million 
persons are engaged in gainful work for 4 
hours a day or less [Table A 3 I, portion 
B.2]. In NSS, 5th and 6th Rounds: 
December 1952-March 1953, it was found 
that nearly 30 million persons have gainful 
work for less than 5 days in the month, 
39 million less than 10 days, and 53 million 
less than 15 days in the month [Table 
A.3.1, portion B.3]. In another enquiry, 
NSS’ 7th Round, October 1953-March 
1954, it was found that about 45 million 
persons were working part-time. They were 
asked supplementary questions, and from 
the replies received it seems that among 
them about 10 million persons were not 
able to work full time partly on account 
of their own ill-health or on account of 
the illness of other members of the family; 
over 23 million (or about half) gave reasons 
of an economic nature such as lack of 
demand for their labour, lack of tools and 


raw materials, slack and off season, etc ; 
and 13 million gave other reasons. Finally, 
in NSS, 9th Round, in reply to a specific 
question, nearly 12 million persons stated 
that they were seeking additional work 
and would be available for 4 hours of work 
or more per day [Table A3 1, portion 
B.l] 

From the above account it would be seen 
that It IS difficult to give a precise figure for 
unemployment or underemployment m 
India. The estimate would depend on 
which particular concept and definition is 
used to measure unemployment or under¬ 
employment However, it may, perhaps, 
be broadly stated that there can be scarcely 
any doubt that 10 or 12 million persons are 
either unemployed in the technical sense of the 
more advanced countries or are severely under¬ 
employed If consideration is extended to those 
who are sitting idle for more than half or two- 
thirds of their working time, the number would 
probably rise to 25 or 30 million persons 

Some more specific information is available 
regarding unemployment among the edu¬ 
cated defined as matriculates and persons 
having higher qualifications It is estimated 
that their total number in 1955 was about 
50 lakhs, out of which 4 7 lakhs (or 9 4 
percent) were unemployed, most probably 
in the technical sense of the term as being 
out of a job or seeking a job as in the more 
advanced countries. It must be remember¬ 
ed in this connexion that in 1955 just over 
4 lakhs of candidates passed the matricula¬ 
tion examination, and the number is rising 
from year to year. There is already about 10 
percent unemployed among the educated class. 
The proportion is likely to increase considerably 
in future which would have grave social and 
political implications. 

General and Professional Education: I shall 
now briefly consider the question of trained 
personnel. Some information regarding the 
number of persons passing the matricula¬ 
tion examination and acquiring other 
general or professional qualifications every 
year from 1950 to 1955 is given in Appendix 
Table A.3.4. Much interesting information 
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can. be obtained from this table I shall 
make only a few bnef observations. 

There has been fairly rapid all round pro¬ 
gress in numbers. The number of matricu¬ 
lates increased roughly from 1 89 lakhs 
in 1950 to just over 4 lakhs m 1955 or has 
doubled m 5 years The rate of increase 
is about the same at other levels It is also 
seen that the number of candidates passing 
the intermediate examination is roughly 
40 percent of the number who passed the 
matriculation examination two years 
earlier, the number taking the first degree 
is roughly 60 percent of the number who 
passed the intermediate examination two 
years earlier; and the number taking the 
master’s degree is roughly one-fourth of 
the number who took the first degree, two 
years earlier These are approximate statis¬ 
tical proportions which would vary 
considerably from year to year but can 
give some idea of the structure of general 
education. As a very rough rule, out of 
100 matriculates in any given year about 
40 would pass the intermediate two years 
later; 24 would take the first degree after 
two more years, and 6 would take the 
master’s degree two years later. 

It is of interest to make some comparisons 
on the basis of the number of literates m 
India which was about 63 million in 1955. 
The number of matnculates was thus about 
5,300 per million literates; and the number 
of first graduates about 900 per million 
literates in India. In contrast, the number 
of first graduates in UK is 450 per milhon 
literates or proportionately only half that 
of India. 

One gets a general impression that the 
number of students in the university stage 
is increasing quite fast and is roughly 
doubhng every five years. The rate of in¬ 
crease m the number of science students is, 
however, much smaller at all stages and 
the rate of increase of science students is 
also appreciably smaller than arts students 
at the intermediate and degree levels and 
is roughly the same at the stage of the 
master’s degree. The position is thus not 


satisfactory from the point of view of 
scientific and technical man-power. 

The fact that the “proportion of graduates 
to literates” in India seems to be roughly 
double that of the UK makes it possible 
that education at the university level in 
India is expanding in quantity at the cost 
of quality. This, I believe, is also the general 
impression among my scientific colleagues. 
It raises some serious questions It is true 
that when there is a large increase in the 
number of students, the average quality 
would usually decrease. It is doubtful, 
however, whether this has been the only 
reason We are aware that a very large 
number of natural and social scientists were 
appointed during World War II, and are 
still being appointed in Government posts 
at salaries much higher than those that 
can be offered by universities and scientific 
institutions In consequence there is a 
great shortage of competent and experienc¬ 
ed teachers in the universities The ex¬ 
penditure on laboratories and scientific 
equipment has not kept pace with the 
expansion in the number of students and 
is extremely small in comparison with 
needs. The syllabus and courses of instruc¬ 
tion are in many cases out of date All this 
requires to be changed. 

Science Teaching: It is clear there cannot be 
any broad-based advance of science and 
scientific research in India without making 
university teaching more efficient and more 
oriented to present needs than at present. 
With this problem is linked the question 
of efficiency of science education in the 
top classes of secondary schools, to which 
I shall merely draw your attention but 
which I have no time to consider. It is 
necessary indeed to formulate a compre¬ 
hensive scheme of science teaching, from 
the upper classes of secondary schools upto 
post-graduate teaching in the universities, 
and implement the same, in order to lay 
a sound foundation for science in India. 
The scientists have a very special responsi¬ 
bility in this matter. It is true, of course, 
that it would be necessary for Government 
to make important decisions of policy and 
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to provide adequate funds But, on the 
technical side, improvements in science 
teaching and research can be brought 
about only through vigorous and untiring 
efforts of scientists themselves They have 
a triple task. They must take the initiative 
in formulating, at a concrete level and 
step by step, programme for the improve¬ 
ment of science teaching and research; 
and, secondly, persuade Government to 
take appropriate action in financial and 
pohcy matters. Thirdly, scientists should 
start doing whatever they can on their 
own; and then, as and to the extent 
Government support begins to be avail¬ 
able, make the best use of such support for 
the promotion of science in India. 

Scientific and Technical man>power 

It is generally agreed that India would 
reqmre a rapidly increasing number of 
scientists, engineers, and technologists m 
future. It is necessary therefore to attract 
a sufficient number of young men of ability 
to take up science as a career. The only 
way is to offer adequate economic and 
social incentives. Consider the position in 
the advanced countnes of the world. 
USSR has established a definite lead over 
all other countnes in scientific and techni¬ 
cal personnel. Professors and research 
scientists, as a group, get the highest salary 
and l^ve the highest status m USSR. The 
Academicians (members of the Academy 
of Sciences) have a life pension of 5,000 
roubles (half of which would accrue to a 
surviving widow) in addition to the salary 
of the post It is being increasingly reahzed 
all over the world that it is this high social 
appreciation of scientists which is the real 
^cret of the rapid advancement of science 
in USSR. In USA, UK and other countries 
of Europe, professors and scientists have 
a high social status but the position is not 


as satisfactory as m USSR, which has be¬ 
come a matter of serious concern to these 
countries. 

The position of science professors and 
research scientists in India is most unsatis¬ 
factory compared to advanced countries. 
Scientists working in universities and in 
scientific institutions receive much less 
salary than scientists working under 
Government. Scientists in Government 
employment also are in an unsatisfactory 
position As a group (with a few exceptions) 
scientists receive less pay and have lower 
status than administrative officers. Also, 
scientists have very httle say in the making 
of decisions in Government An urgent 
requirement for the advancement of science 
in India is to remove such disparities. 

Scientific societies and planning 

I should now like to draw attention to 
another problem which is likely to become 
increasingly serious in future In the 
Western countries scientific research and 
science teaching had developed at first in 
the universities, and later, in connexion 
with research in industry independently of 
Government control From the 17 th 
century many scientific societies and insti¬ 
tutions were estabhshed in the countries 
of the West for the promotion of science 
and scientific research. More recently 
Government began to sanction large grants 
for scientific research. In most countries 
the largest share of research funds now 
comes fi'om Government. This has raised 
important questions of policy in regard to 
Government control over scientific re¬ 
search. 

It is interesting to observe that in USSR 
an Academy of Sciences was established 
by the Communist Government at a very 


In USSR, China, and other socialized economics all expenses for research are provided by Government. 
In other countries also, scientific research is being increasingly financed by Government. Even in the 
USA, out of the total expenditure of $5-4 billion dollars (=Rs 2550 crore) in 1953, the share of 
Government was highest and 52 per cent. Industry came next with a contribution of 44 per cent. The 
share of umversities was only 3 per cent and that of institutes only one per cent. Of the total expendi¬ 
ture, the biggest portion (72 per cent) was spent by industrial concerns, 18 per cent by Government 
agencies, and only 9 per cent by universities. It is interesting to note that of the money spent on research 
by mdustry, 60 per cent came from industry itself and 40 per cent from Government. (Sdentifie Ammcan, 
November 1957, pp 47). 
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early date as an autonomous institution 
independent of the executive control of 
Government. The Academy has been given 
great responsibilities and supplied with 
adequate funds for a wide range of func¬ 
tional activities in scientific research and 
the promotion of science. It maintains over 
one hundred scientific institutes spread 
over the country, and in 1957 had a total 
staff of 50,000, of whom 12,000 were pro¬ 
fessional scientists and 4,000 professors. 
The point to be emphasized is that in all 
advanced countries of the world, in the 
West as well as in USSR, there are well 
established scientific societies with a gieat 
tradition o( scientific thinking and ci iticism 
which are outside Government and which 
can be rehed upon to supply Government 
with independent advice in scientific 
matters. 

It seems to me that there is need in India 
of functional scientific institutions which 
would be outside Government but which 
would take up, by agreement with Govern¬ 
ment, such scientific work or research or 
promotion of science or the coordination 
of scientific activities as can be done con¬ 
veniently and efficiently by a non-official 
agency with the help of a whole-time staff 
of competent and high level scientists. 
Scientists engaged on such “decentralized” 
research or scientific activities, on a whole¬ 
time salary basis, would be independent 
of Government. In this way it would be 
possible to build up an organization or 
system of scientific thinking and criticisms 
which would be able to render great service 
to Government by offering unbiased and 
independent views in scientific matters. 
There is great need of such advice in 
connexion with planning and in the 
appraisal of the progress of plan projects. 

To speak quite frankly, some of these ideas 
have come to mind, because I am not 
satisfied with the present activities of the 
National Institute of Sciences. I feel scien¬ 
tists must shoulder greater responsibilities 
in connexion with national planning. 
Coming together for occasional meetings 
is not enough. I should, therefore, like to 


see theNational Institute of SLicnce’s under¬ 
take assignments related to planning for 
national development which would be 
done in a systematic and painstaking way 
by a whole-time or part-time paid staff. 
I have a feeling that it is only through 
work at a concrete level that we shall be 
able to develop senousness of purpose and 
a sense of responsibility in scientific matters 
of importance for national development. 

Strategy of Planning in India 

The task of planning must be to improve 
continually the level of living, especially, 
of the 95 percent of the population who 
are poor, and to create enough new 
employments to get tid of the tear of un¬ 
employment It has been rtcognized foi a 
long time that this can be tione only 
through rapid industrial development .\s 
India has plenty of iron ore, coal, bauxite, 
etc., the key to industrialization lies in 
establishing the manufacture of heavy 
machinery, heavy electrical equipment 
(turbines, generators, switch and trans¬ 
mission gear), and machine tools. Once 
this is done, everything else can be gradu¬ 
ally manufactured in India mostly out of 
domestic resources As more and more 
machinery becomes available, it would be 
possible to create more and more employ¬ 
ment and continually to construct mote 
machineiy and expand the pioduction of 
coal and electricity, steel and aluminium; 
fertilizers, cement and heavy chemicals, 
equipment for transport and communica¬ 
tions; scientific instruments, etc.; and, in 
this way, produce more and more consu¬ 
mer goods and improve the level of living. 

It has to be accepted, in principle, that 
until sufficient machinery and tools be¬ 
come available, it is essential to utilize 
idle hands for the production of cloth, 
household utensils and other consumer 
goods. This is for two reasons. Our greatest 
shortage is of machinery, while we have 
millions of unemployed persons sitting 
idle. Whatever machinery we can afford 
to import or manufacture within the 
country should be used to build up the 
basic industries which would produce more 
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machinery, more steel, cement, fertilizers, 
electricity, etc. That is, we must not waste 
our meagre resources of foreign exchange 
to import non-essential consumer goods, or 
machinery for the manufacture of consu¬ 
mer goods which can be produced within 
the country by putting idle hands to work. 
Expansion of small scale and village indus¬ 
tries would create employment all over the 
country, increase the supply of cloth and 
other consumer goods made by hand 
labour, and improve the level of living 
without hampering the expansion of basic 
industries. 

A third point requires to be recogmzed. 
Agriculture and industry are closely inter¬ 
locked in India. Industrial development is 
not possible without an increasing supply 
of cheap food and raw materials. On the 
other hand, in India, owing to scarcity 
of land, basic improvements in agriculture 
can be brought about only through the 
use of more fertilizers, more irrigation, and 
better methods of cultivation, all of which 
would have to depend on large scale 
industrial development. However, in the 
short run, a good deal can and must be 
achieved by intensive cultivation of land 
by hand and by improving conditions of 
living in rural areas through community 
projects, land reform, consolidation of 
holdings, village cooperatives, etc. 

This brings us to the fourth point, namely, 
that planning in India must proceed at 
two different and clearly distinguishable 
levels or spheres One is concerned with 
questions of large scale industrial develop¬ 
ment which can be, and are, decided in 
every country by a small group of persons 
at the top. For example, the decision in 
1949 to instal a million-ton steel plant, its 
reversal in 1950, and fresh decisions in 1953 
and 1954 to expand steel production by 3 
or 4 million tons were all taken by the 
Government of India without any consulta¬ 
tions with the general public. It is proper 
for Government to make such decisions. 
It is also possible to implement the deci¬ 
sions without any difficulty as it would 
involve only a small number of persons. 


The position is entirely different in agn- 
culture or in small scale and hand produc¬ 
tion which involve millions of households 
scattered over a very big country. Consider 
consolidation of holdings or village co¬ 
operatives. It is necessary, of course for 
Government to make policy decisions; but 
this by Itself would not be sufficient because 
the implementation would depend on 
securing the willing cooperation or at least 
the concurrence of millions of persons in 
the villages. In the beginning, the organiza¬ 
tion of agriculture and small scale produc¬ 
tion, which may be called the “diffuse” 
sector, would be far more difficult than 
establishing large scale industries. The 
approach must be through institutional 
changes, spread of education, improvement 
of communication, etc., and, above every¬ 
thing else, by carrying conviction to the 
masses that Government is doing its best 
for national development. Success in esta¬ 
blishing the basic industries would give 
Government increasing control over the 
national economy, and thus place Govern¬ 
ment m a strong position to make steady 
improvements in the diffuse sector and to 
secure the active support of the masses for 
national development. 

Basic industries are thus of crucial im¬ 
portance in two different ways. Firstly, 
these alone can give us economic indepen¬ 
dence. Secondly, these alone can place 
Government in a position to make steady 
advance in the diffuse sector. The strategy 
of planning, therefore, requires the highest 
pnority being given to the basic industries, 
namely, heavy machine building, heavy 
electrical equipment, machine tools, ferti¬ 
lizers, steel, cement, etc. 

The Question of Foreign Exchange: It is true 
that, in the beginning, it is necessary for 
us to have both technical and financial 
help from outside India. Professor P M S 
Blackett, in his Presidential Address to the 
British Association for the Advancement 
of Science in September 1957 has pointed 
out the importance of outside help to an 
underdeveloped country in getting it off 
on its way to economic development. He 
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has also given an inspiring lead by stressing 
the responsibility of the industrially ad¬ 
vanced country in this matter from the 
world point of view. I fully appreciate the 
need of external aid. 

I am also aware that grave difficulties 
have been created by the shortage of 
foreign exchange. A new approach was 
adopted in the Second Five Year Plan, 
and the size of the Second Plan was inten¬ 
tionally made much bigger than that of 
the First. It is not surprising that mistakes 
have been made at the stage of transition 
from a small to a much bigger scale of 
planned economy Techniques and tools 
of planning are not yet adequate and would 
have to be improved, and these questions 
are receiving the attention of Government 
and the Planning Commission. It would be 
appropriate, however, to examine the 
question of foreign exchange from the 
point of view of long-term planning. 

I shall give a numerical example. Consider 
the question of foodgrains about which 
India is in a precarious position. From 1948 
to 1953 we imported 19 3 million tons of 
cereals at a cost of about Rs 867 crore in 

6 years, that is, at the average rate of 
about 3 2 million tons at a cost of Rs 145 
crore per year ^ The average price paid 
was about Rs 450 per ton. 

The population of India is growing at the 
rate of, possibly, 5 million persons per year.^ 
It takes roughly one ton of cereals to feed 

7 persons. At this rate, an additional 
supply of 700,000 tons of foodgrains every 
year would be required to keep pace with 
the growth of population. If we decide to 


purchase this quantity from abroad, we 
would require every year an additional 
Rs 30 crore of foreign exchange which 
would amount to Rs 150 crore in the course 
of one five-year plan (and this, also, only 
at the present rate of growth of population) 

Consider the alternative method of using 
imported fertilizers to increase the produc¬ 
tion of cereals. One ton of ammonium 
sulphate, at a cost of about Rs 250 per ton, 
should normally give an additional yield 
of 2 or 2 2 tons of foodgrains. To give 
700,000 tons more of foodgrains, the quan¬ 
tity of ammonium sulphate required would 
be 350,000 tons, of which the price would 
be Rs 8 7) croie or sa> Rs 9 croie. This 
would be the additional amount required 
every year; in the course of 5 years the total 
amount required would be Rs 135 crore. 

A still better way would be to instal every 
year a new fertilizer factory to produce 
350,000 tons of ammonium sulphate 
(roughly, like the factory at Sindri) The 
fixed investment would be about Rs 25 
crore, of which the foreign exchange com¬ 
ponent would be only Rs 10 cioie After 
the period of construction is over, each 
such factory would supply enough fertilizei 
to take care of the inciease of population 
of one year The total expenditure in five 
years would be Rs 125 crore with, how¬ 
ever, a total foreign exchange component 
of only Rs 50 crore.® 

It is possible to go one step further, and 
establish immediately a heavy machine 
building factory in India, and, when this 
plant IS constructed, to manufacture in 
India the machinery required, to set up a 


^Imports fell below one million ton in 1954 and 1955 but we have again started importing foodgrains 
heavily from 1956. 

*Thcre is some evidence to indicate that the rate of growth may be appreciably greater and as high as 
6 or even 7 milhon per year. Although registration of births and deaths is known to be extremely defec¬ 
tive, the fall in the recorded death-rate is probably real. Population estimates based on the National 
Sample Survey show high rates of growth m some of the rural areas. 

Besides this, there will, of course, be current costs of intermediate products used up and wages paid. 
®But when the mtermediate products are available within the country and the output of wage goods 
industries is sufficient to meet the demand, such costs could be met entirely out of domestic resources. 
This would, no doubt, call for an expansion of the economy and would require orgamzational efforts; 
but similar and even greater orgamzational efforts would be needed to produce the goods to be exported 
to meet the larger requirements of foreign exchange in the other cases. 
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fertilizer factory. Of course, it is neither 
possible nor necessary to set up a machine 
building plant exclusively for the manu¬ 
facture of big machinery for fertilizer 
factories, the work can be done in plants 
which would manufacture machinery for 
other industries as well. It is, however, 
possible to make rough calculations of cost, 
because m the case of heavy machine 
bmlding plants the value of output is 
roughly equal to the value of the fixed 
investment. To produce machinery worth 
Rs 10 crore (the value of imports required 
to set up a Sindri-type plant) would thus 
call for an investment of about Rs 10 or, 
say, 15 crore with a foreign exchange 
component of possibly Rs 8 or 10 crore. 
This would be the (apportioned) cost in 
the first instance. The actual cost of setting 
up a fertilizer factory would be Rs 25 crore 
per year or Rs 125 crore in 5 years; but 
this would not involve any expenditure of 
foreign exchange. 

To sum up, in order to feed the fresh 
additions to the population at the rate of 
5 million persons per year, it would be 
necessary to provide an additional quantity 
of 700,000 tons of foodgrains every year 
which would require Rs 450 crore of 
foreign exchange over a period of five 
years. The cost can be reduced to Rs 135 
crore of foreign exchange in a 5-year 
period, if an additional quantity of 350,000 
tons of ammonium sulphate is ordered from 
abroad every year, at least two years in 
advance of the crop season. The cost can 
be further reduced to Rs 125 crore (out of 
which the foreign exchange component 
would be Rs 50 crore) over a five-year 
period, if a new fertilizer factory of 350,000 
ton capacity is started every year; this would 
call for decision 4 or 5 years ahead of the 
crop season concerned. The apportioned 


cost of a heavy machine building factory 
which would manufacture machinery in 
India to instal every year a new fertilizer 
factory of 350,000 ton capacity^ would be, 
however, so small as Rs 12 or 15 crore 
with a foreign exchange component of 
perhaps Rs 8 or 10 crore. Such a decision 
would have to be made only once but 8 
or 10 years in advance of the season in 
which the fertilizer would be used. 

The above account is, no doubt, over¬ 
simplified; but it brings out clearly one 
important point. In India it is of the 
greatest importance to take a long view of 
planning. Additional requirements of food- 
grains to cope with the growth of popula¬ 
tion can be met with an (apportioned) 
investment of only Rs 15 or 20 crore and 
of foreign exchange of Rs 8 or 10 crore, 
provided a decision can be made 8 or 10 
years in advance of the year in which the 
food would be consumed. If the decision 
is made 4 or 5 years in advance, the cost 
would increase to Rs 125 crore with a 
foreign exchange component of Rs 50 crore 
If the decision is made a couple of years 
ahead, the cost would increase to Rs 135 
crore in foreign exchange to import ferti¬ 
lizers; and if the decision to import food- 
grains is made only from year to year the 
cost would go upto Rs 450 crore in foreign 
exchange. tVise utilization of Rs 10 crore of 
foreign exchange once for all can lead, in time, 
to a saving of Rs 450 crore of foreign exchange 
in imports of foodgrains over a period of 5years. 

Similar considerations hold good in other 
crucial sectors. An investment of Rs 150 
crore, including Rs 80 crore of imported 
machinery, would be required to instal a 
million-ton steel plant with a product value 
of Rs 40 or 45 crore. A heavy machine 
building factory with an investment of 


^To give one example, it is worth mentioning that machine tools formed roughly 3 per cent of industrial 
equipment (in value) over a long period in the USA On this basis Rs 20 crore worth of machine tools 
would suffice for the manufacture in India of about Rs 600 crore worth of industrial equipment which, 
in Its turn, would enable industrial investments being made to the extent of at least Rs 1000 crore per 
year basically out of our own resources. [The Machine Tool Industry, New York, Clark, Dodge & Go, 
May 1948). 

^Science and Culture, October and November, 1957. 

There is great scope for the use of fertilizers in India; some relevant information is given in Statistical 
Notes on the Use of Fertihzers. 
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Rs 80 crore, with foreign imports worth 
about Rs 50 crore, would produce every 
year machinery worth roughly Rs 80 crore 
or the equivalent of imported machinery 
needed to set up a million-ton steel plant. 
Once such a heavy machinery factory gets 
into production, it would be possible to 
start a new million-ton steel plant every 
year out of our own resources. An invest¬ 
ment of Rs 30 crore in a plant to manu¬ 
facture mining machinery would produce 
goods worth about Rs 30 crore per year. 
An investment of Rs 100 crore in heavy 
electrical equipment (generators, switch- 
gear, heavy motors, rectifiers, transformers, 
etc) would give products of the value of 
about Rs 70 crore per year; and so on. 

Need of Long-term Planning. From the point 
of view of industrial development over a 
period of 15 or 20 years there cannot be 
any doubt that the correct policy would 
be to establish the heavy machinery 
industries. Consider, purely for purposes 
of illustration, the following programme of 
investments with a rough value of the 
product given within brackets in each 
case.—heavy machinery Rs 150 crore (150 
crore), heavy electrical equipment Rs 100 
crore (70 crore), turbines Rs 20 crore 
(12 crore), mining machinery and drilling 
equipment Rs 30 crore (30 crore), 
machinery for chemical engineering Rs 25 
croie (25 crore), machine tools^RsSO crore 
(20 crore), aluminium Rs 25 crore (5 
crore), and, say, another Rs 70 crore for 
other basic industries giving a total invest¬ 
ment of about Rs 450 crore with foreign 
exchange requirements of the order of 
Rs 300 crore over a period of five years. 
I am aware that foreign exchange would 
also be needed to expand transport and 
other facilities but provision has been al¬ 
ready made for this and for steel and other 
investments in the Second Plan. 

The point I am emphasizing is that Rs 300 
crore of foreign exchange invested in suit¬ 
able basic industries over a period of 5 
years would estabhsh a sound foundation 
for future industrial development and 
would enable us to manufacture essential 
capital goods within the country. (I am 


not suggesting that we should reduce our 
imports. On the contrary, we should try 
continually to expand our foreign trade. 
But we must attain as soon as possible a 
position in which, if necessary, we shall be 
able to manage on our own in an emer¬ 
gency.) We have made some real advance 
during the First Five Year Plan. It has 
been a very wise and farsighted decision 
to develop atomic energy, for which we 
have much natural resources. Dr H Bhabha 
has shown in a recent article® how great 
would be the benefit of atomic power 
electricity to Indian economy. Good pro¬ 
gress is being made with steel. It is now 
necessary to make similar farsighted deci¬ 
sions to establish the basic heav> industries. 

I should like to lefer in this connexion to 
some recent trade statistics Indian ex¬ 
ports amounted to Rs 597 crore in 
1954-55; Rs 641 crore in 1955-56; and 
Rs 637 crore in 1956-57. Imports in 
these three years were respectively Rs 684 
crore, Rs 757 crore, and Rs 1,077 crore. 
It would be noticed that the increase in 
imports in 1956-57 over 1955-56, that is, 
in one year was Rs 326 ciore; and in 
1956-57 over 1955-56, that is, in two years 
was Rs 393 crore, out of which the increase 
on private account was Rs 272 crore. I 
may also mention that the Government 
outlay on the First Five Year Plan was 
nearly Rs 2,400 crore, and the outlay on 
the Second FYP is expected to be roughly 
double. It is in the context of the above 
figures that one must view the proposal to 
invest Rs 450 crore and utilize Rs 300 crore 
foreign exchange to build up the basic 
industries. After the factories come into 
operation, there would be a saving of 
Rs 300 or Rs 350 crore of foreign exchange 
in the import of capital goods. This is the 
crucial issue of planning in India. 

Finance and balance of payments are 
important aspects of planning; and there 
is no conflict between financial planning 
and physical planning. But it must be kept 
in mind that, in an underdeveloped 
country, the physical view is of basic im¬ 
portance. In one single year, 1956-57, our 
imports suddenly exceeded exports by 
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Rs 440 crore- If by some happy chance, 
Rs 300 crore out of this amount had been 
utilized to purchase capital goods required 
to establish the basic industries, then in 
five years’ time we would have won our 
economic independence and would have 
overcome difficulties of foreign exchange 
permanently. Although the accounting 
position would have been the same, the 
real position would have been entirely 
different and ever so much better. 
Planning in China: It is instructive to 
consider what happened in China. Mr. Li 
Hsien-nien, Vice-Premier and Minister of 
Finance of China, in his speech to the 
First National People’s Congress in Peking 
on 29 June 1957 (supplement to Hsinhm 
Mws Agency Release, Peking) stated that 
China has received foreign loans amount¬ 
ing to 2,174 million yuan (=Rs. 435 crore) 
before 1953, and 3,120 yuan (=Rs 624 
crore) for China’s First Five Year Plan 
from 1953 to 1957. The total amount of 
the loan was thus Rs. 1,059 crore. A good 
part of this was used for rehabihtation after 
the present Government came into power 
(as stated by the Finance Minister); and 
a part, no doubt, was used for military 
expenses during the war in Korea. How¬ 
ever, with the whole of the second loan 
of Rs 624 crore and a part of the first loan 
China rapidly developed the basic indus¬ 
tries (heavy machinery, heavy electricals, 
machine tools, steel, fertilizers, trucks, etc.). 
The Finance Minister of China appreciat¬ 
ed the help received from USSR, but 
stated '"we may say that we are now in a better 
posihon to rely on our own accumulation [i.e , 
investment] to carry on national construction’^ 

It is important to note that foreign credit 
had tapered off rapidly. In the same speech 


the Finance Minister stated that foreign 
loans constituted 117 million yuan or 
Rs 23'4 crore in 1956, and 23-3 million 
yuan or only Rs 4 7 crore in 1957. China 
has a foreign trade which is roughly of 
the same size as India on a per capita 
basis. Although foreign loans would be of 
help and would make the task lighter, it 
seems that China will not have to worry 
about foreign exchange for essential re¬ 
quirements in future, and would be able 
to manage, if necessary, on the trading 
surplus. It may be mentioned that India 
received about Rs 200 crore of foreign 
assistance, roughly half in grants and half 
in loans, during the First Five Year Plan; 
and has fairly firm authorization of receiv¬ 
ing at least Rs 600 crore of foreign assis¬ 
tance during the Second Five Year Plan. 
India also had foreign assets (held by the 
Reserve Bank) to the extent of Rs 723 
crore in 1951-52 and Rs 746 crore in 1955- 
56 at the end of the First Five Year Plan 
which China had lacked. The foreign 
exchange position in India was thus much 
more favourable. 

In Chinese planning the highest priority 
was given to develop those basic industnes 
which would enable China to manufacture, 
within the country, essential capital goods 
required for rapid industrial development 
in future. Remembering that the Chinese 
economy is bigger than ours, it is of 
interest to note that China has “got off” 
on the way to industrialization out of its 
own resources with comparatively less 
foreign exchange than India. In contrast, 
India may continue to have foreign ex¬ 
change difficulties for some considerable 
time to come in the absence of wise 
planning. 1 


1 The Indian Industrial Delegation which visited USA, Canada, UK, West Germany and other 
countnes in Europe in^ September-November 1957, referring to foreign investments in Canada in its 
Report to the Federation of Indian Chambers of Commerce and Industry, stated: 

“Eight hundred dollars per capita foreign investment means nearly Rs 4,000 in Indian currency 
and at that rate and for such high development India should require Rs 1,60,000 crore (Rupees 
one lakh sixty thousand crore) of mvestment in India, of which at least one-third, viz., nearly 
Rs 50,000 crore would have to be in foreign currency! This can only be a dream. The conclusion 
to draw is that India cannot be developed without foreign capital which we shall continue to need 
for at least the next 25 years and in substantially large amounts” (p 27), 

This attitude of nund is in sharp contrast to the outlook in China where, with a fifty per cent bigger 
population than Indian, the national economy got off on the way to rapid economic development with 
the help of foreign loans of only Rs 1,059 crore spread over 7 or 8 years. 
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The Chinese example merely corroborates 
what an objective scientific analysis had 
brought out, namely, that India could 
have built up, and can still build up, with 
the help of only a few hundred crores of 
foreign exchange those basic industries 
which would give her economic indepen¬ 
dence 

Self confidence and Economic Independence: It is 
our responsibility, as scientists, to work 
out the logic and techniques of planning 
suited to India It is our responsibility, as 
scientists, to educate and convince our 
countrymen that India is a great country 
with vast resources, natural and human* 
We have the responsibility to use these 
resources to improve the level of living of 
our countrymen and to piomote science 
and culture* We should welcome foreign 
help and cooperation, especially, in science 
and technology and in cultural matters 
Also, we must realize that it is not necessary 
continually to depend upon help from 
abroad. We must overcome the defeatist 
attitude which would make us continually 
ask for foreign loans. We must realize that 
political independence is not enough; we 
must win economic independence. We 
have the ability and the responsibility to 
make rapid economic advance with our 
own resources, and with hard labour, 
scientific thinking, wise decisions, and 
seriousness of purpose We must have faith 
in ourselves. 

Statistical Notes 
Notes on Table 1: In Table 1 figures have been 
given m metric tons. The Chinese official estimate 
of population in 1955 has been given instead of the 
UN estimate Electricity production in China and 
India excludes generation in enterprises for their 
own use Figures of energy (all forms) presented 
in col (7) refer to the gross inland consumption 
of commercial fuels and water power, expressed 
in terms of coal equivalent. Production data include 
chiefly coal and lignite, gasoline, kerosene and 
fuel oils, natural gas, and hydro-electric power; 
electricity produced by using the above fuels has 
been excluded. No account has been taken of fuel 
wood and other vegetable fuels and peat for want 
of adequate data. These possibly provide a 
major share of the energy supply in all but a 
few countries. In India, for example, a United 
Nations source (World Energy Supplies in Selected 


years, 1929-50) gives a figure for 1949 of about 
84 million tons in coal equivalent of eneigy from 
such sources (mostly dung and fuel wood) com¬ 
pared to a figure of 35 million tons in coal equivalent 
for all commercial sources of energy quoted m 
Table 1 Thus we get a ratio between 2 and 3 to 
1 between non-commercial and commercial sources 
in India The corresponding figure for USA is 
only 1 is to 20 For India, the percentage distribu¬ 
tion of all energy may be given as: commercial 
energy (19%); non-commercial sources such as 
fuel wood, dung, etc (44%), animal effort (33%); 
and human effort (4%) with total (=100%) The 
UN publication used above did not include the 
last two sources. 

Notes on Table 2: In Table 2 the national income 
figure for USSR is calculated from an estimate 
given in the Economic Bulletin for Europe, May, 1957 
on the assumption that one-third of the gioss 
savings compiise depitciation Other figures have 
been taken from souices refeired to in the footnote 
to the table and have been rounded off Also, all 
the figures have been expressed in national ( uiien- 
cies. The conversion factors between the various 
currencies used are I $=4 75 Rs, 1 /*=13‘3 Rs, 
1 rouble=l 2 Rs and 1 yuan'=2 Rs, at cuirent 
official exchange rates The exchange rates and 
the figures m col (3) would give some indication 
of the wide difference m the level of living between 
advanced and underdeveloped countues, any finei 
comparison between per capita incomes is fraught 
with grave dangers of error because of structural 
dissimilarities in prices 

The pel capita figures in Table 2, col (^4) are 
obtained by using the output and population data 
in Table 1, and figures in col (5) are dinctlv 
derived from UN Statistical Tear Book lOlfi in teims 
of coal equivalents (p 308 -lUj, the convtision 
factor used being I ton of coal - MM kwh of 
energy 

Greater difficulties are associated with the denv'ation 
of the expenditure on research given in col (6) 
because of inadequacy of infoimation The figure 
of $ 54 billion dollars used for USA relates to 
1953 and is on the basis of a report on Funds for 
Basic Research in the United States 1953 published 
by the National Science Foundation, USA; and 
also briefly reported m the Business Week, 23 
November 1957, It was noted that only about 
8 per cent of the amount is devoted to fundamental 
research. The percentage for USA given in col (7) 
IS computed on the basis of national income 
for 1953. 

The expenditure on scientific research in USSR 
IS taken as 18*2 billion roubles on the basis of 
a report in the Times of India of a message dated 
Moscow, 20 December 1957, which was later 
confirmed in other communications. 

The expenditure on scientific research in the UK 
is taken to be £325 million on the basis of an 
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article, *‘‘Highly trained technical man-power in 
Western Europe,” Economic Bulletin foi Europe^ 
May 1957. 

The figure used for scientific research in China is 
327 million yuan (~Rs 654 crore approximately) 
on the basis of the Finance Minister’s speech on 
the budget for 1957 (July 1957). It should be noted 
that this expenditure is on scientific research proper 
and excludes a considerably larger figure (637 
million yuan=Rs 127 4 crore) for higher education. 
However, we have to take cognizance of the fact 
that m China and USSR the definition of ‘science’ 
is wider and includes some of the social sciences 
(economics, linguistics, history, etc., which are not 
reckoned as science in Western countries) but 
excludes art, hterature, etc. This would give a 
higher total figure for research in socialist countries. 
On the other hand, much of developmental 
research in engineering and technology is probably 
included under industries in sociahst countries. 

The figure for expenditure on scientific research 
in India has been arrived at on the basis of 
Government budget accounts and financial state¬ 
ments. Attempts have been made to exclude 
expenditure on higher education and certain pro¬ 
motional outlays; but expenditure on research m 
social sciences, such as economics and statistics 
has been include. No account, however, has been 
taken of leseaich met exclusively by bodies other 
than Government; but its magnitude is small in 
India. The figure of Rs. 15 crore used is, at best, 
a dimensional estimate. 

Exact comparisons are not possible because the 
definition of “scientific research” for budget and 
accounting purposes varies from one country to 
another. It is, in any case, difficult to demarcate 
research in applied science, in a precise and com¬ 
parable way, from developmental work in engineer¬ 
ing and technology The figures given, however, 
give a broad idea of the position in the different 
countries. 

Notes on Table 3# USA • Data on available 
number of engineers and doctors as well as the 
figure of annual out-turn of doctors aie taken 
from the Statistical Abstract of USA^ 1957, The 
figure for annual out-turn of engineers is quoted 
from “Trained Man-power, USA vs USSR,” 
Monthly Review^ New York, April 1957. 

USSR: Regarding engineers, both the figures are 
based on Soviet official statistics (in Russian). The 
figure of number of doctors available is taken from 
the English language publication, Pfational Economy 
of USSR: Statistical Returns^ while the out-turn 
figure is from the USSR Reference Book, November 
1957. 

UK: Both the figures for engineers are taken from 


“Highly trained technical man-power in Western 
Europe,” Economic Bulletin for Europe, May 1957. 
The Annual Report of the British Medical Asso¬ 
ciation, 1955-56 (Supplement to the British Medical 
Journal, April 7, 1956) gives the total membership 
of the Association as 68,306 in March 1956 and 
states that this number represents 80% of the 
total number in the profession; the available 
number of doctors is estimated on this basis The 
figure of annual output is obtained from G D H. 
Cole: Post-War Condition in Britain, 1956. 

China - All the figures are based on the statistical 
returns for the People’s Republic of China prepared 
by the State Statistical Bureau (in Chinese) How¬ 
ever, a base figure of the available number of 
engineers in 1952 has been taken fiom Solomon 
Adler: Chinese Economy, 

India: The out-turn figures are based on the 
Educational Statistics of India, The available number 
of engineers is taken from Man-power Studies No, 5 
Engineers in India- Number and Distribution 1955, 
(Planning Commission, Octobei 1957) The number 
of doctors IS based on information available in the 
Planning Commission. 

Notes on the Use of Fertilizers: In a review by 
the Indian Council of Agricultural Research on 
“The Use of Fertilizers on Foodgrains”^ the 
response, standardized to 20 lbs. N ( = 100 lbs of 
sulphate of ammonia) per acre, was given as 3 4 
maunds (or 274 lbs ) of rice per acre, 2*8 maunds 
(or 230 lbs.) of wheat per acre, and between I *7 
and 3*1 maunds (140 lbs. and 255 lbs) of other 
cereals per acre For paddy the water supply was 
presumably adequate Experiments were repotted 
for wheat from both irrigated and unirngated 
crops; the response on umrrigated land was 1*7 
maunds (140 lbs.) per acre compared to 2 8 maunds 
(230 lbs) per acre on irrigated land The authors 
pointed out that— 

“when the total supply of fertilizer is scvcicly 
limited, the gieatest natural benefit will accrue 
if small dressings are used on a large aiea of 
crop rather than heavy dressings on a small 
part of the area. . The first step is to 
ensure that available supplies are distributed 
over a large area of potentially responsive land; 
the second step is to increase supplies so that 
all areas likely to benefit consideiably can have 
a small dressing; only thirdly does the increase 
of dressings to optimal levels become a desirable 
national policy” (p. 14). 

The authors concluded that nitrogen response of 
2*5 maunds (=206 lbs) of grains per acre from 
20 lbs N per acre (=100 lbs. sulphate of ammonia) 
was “a reasonably representative figure for all 
cereals” (p. 15). 

From information supplied by ICAR for a later 


^By F Yates, D Finney and V G Panse: ICAR Research Series No I, 1953. 
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(TCM) series of field^ trials on rice and irrigated 
wheat conducted during the three years 1953-54 
to 1955-56 at community project centres distributed 
over the whole country, it appears that the nitrogen 
response for a first dose of 20 lbs. of nitrogen per 
acre was about 3 maunds (247 lbs) of both nee 
and wheat per acre; and for a dose of 40 lbs of 
nitrogen per acre the response was 4-5 maunds 
(370 lbs) of rice per acre and 4*7 maunds (380 lbs) 
of wheat per acre. 

There is a gradual falling off in the response with 
higher doses of nitrogen; but from the results given 
above it is clear that upto about 20 lbs of nitrogen 
(100 lbs of sulphate of ammonia) a response of 
200 lbs or twice by weight of foodgrains can be 
expected on an average with confidence. 

The net area sown in India was 313 million acies 
and the gross area sown including double cropped 
land was over 351 million acres in 1953-54 The 
gross aiea irrigated was about 60 million acres The 
total area under rice is about 78 million acies, 
out of which about 26 million acres are irrigated 
leaving a balance of about 52 million acres of 
unirrigated rice land, much of which would 
normally have adequate rainfall We thus have 
about 34 million acres of irrigated land under 
crops other than rice, 26 million acres of irrigated 
ric< land, and 52 million acres of unirrigated land 
under rice giving a total of 112 million acres of 
land, foi which the water supply is likely to be 
fairly adequate for the use of fertilizers At a rate 
of application of 20 lbs of nitrogen per acre there 
should not be any difficulty in using upto one 
million tons of nitrogen or 5 million tons of sulphate 
of ammonia for this type of land alone This is a 
safe estimate of minimum requirements. For the 
remaining 200 million acres of land if we accept 
a comparatively small dose of 10 lbs of nitrogen 
per acre on an average, we could use nearly the 
same quantity again at the second stage This 
would raise the requirement to about 10 million 
tons of sulphate of ammonia per year. P"or 112 
million acres of land with good supply of water it 
would be possible to increase the dose upto 40 lbs 
of nitrogen per acre which would require nearly 
another 5 million tons of sulphate of ammonia. 
These very rougn calculations indicate that India 
may be able to Use without any difficulty upto 
15 or 16 million tons of sulphate of ammonia per 
year, that is, can afford to instal 40 or 45 factories 
of the Sindri capacity of about 350,000 tons per 
year. 

We may also consider the question from the point 
of view of rainfall. There are about 50 milhon 
acres of land under cultivation which get more 
than 50 inches of rainfall per year, and about 
87 million acre under cultivation with an annual 
rainfall of roughly between 40 and 50 inches. Out 


of these 137 million acres about 36 million acres 
are irrigated leaving a balance of about 100 million 
acres of unirrigated land with annual rainfd.ll of 
about 40 inches or more The balance of irrigated 
land IS about another 30 million acres giving 
a total of about 130 million of acres under cultiva¬ 
tion which IS likely to have enough water for the 
profitable use of good doses of fertilizers On the 
other hand only about 50 million acres of land 
under cultivation in India receive less than 30 
inches of rainfall per year; and of this about 12 
million acres are irrigated This would leave 
something like 38 million acres of land which may 
be really unsuitable for the use of fertilizers, 

I may further mention that the rate of application 
of nitrogen in many countries is very high ^ Foi 
example, the natural average dose of nitrogen in 
lbs per acre over all cultivated area in 1955-56 was 
as follows* Belgium 73, East Germany 42, West 
Germany 48, Netherlands 156, Norway 38, UK 
37, Japan 98 and Egypt 38 compared to 0 86 lbs 
per acre with a total consumption of 145 000 tons 
of nitrogen or 725,000 tons of sulphate of ammonia 
in India These figuies also indicate that thtie is 
great scope for the use of fertilizers m India The 
proposal made in my Address of installing only 
one fertilizer factory of the same capacity as Sindri 
per year is thus quite modest It is woi th mentioning 
in the present connexion that there is some evidence 
to suggest that the actual rate ol growth of popula¬ 
tion may be appreciably greater than 5 million 
per year and may be 6 oi 7 or even more per year 
It would be wise to instal two such factories per 
year and this can be done without any fear of the 
satuiation limit of utilization being reached in 
15 or 20 years. 

Household Consumer Expenditure 
1 Since 1950 the National Sample Sur\e> (NSS) 
has been collecting a wide variety of social and 
economic statistics from all over the counti> A 
great deal of information has thus become avail¬ 
able on household expenditure on items of con¬ 
sumer goods such as foodgrains, sugar, milk and 
milk-products, or all food items taken together, 
clothing, medical expenses, etc , as well as the 
total expenditure on all items for a period of 30 
days Data collected in the NSS: 10th Round 
(December 1955—May 1956) for 2754 sample 
households have been used to show some interest¬ 
ing facts m Tables A 1 0, A.l 1, A1 2 and A 1 3 
For each household it is possible to calculate the 
‘‘expenditure per person*’ by dividing the total 
expenditure on all consumei goods by the number 
of persons in the household In this way each 
person m the sample would be labelled by the 
“expenditure per person” of the household to 
which be belongs. It is then possible to classffy all 
the individuals included in the sample into a 
number of groups or classes of expenditure level. 


'^Agricultural Statistics of Reorganised States, Government of India, 1956-57. 

^Year Book of Food & Agricultural Statistics: production, Vol 10, Part I (FAO), 1956. 
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For example, in Table A. 1 0, the individual persons 
were classified into groups having ‘expenditure 
per person up to Rs. 8’, ‘between Rs 8 and Rs 11/ 
‘between Rs. 11 and Rs 15/ etc, and finally 
‘Rs 55 and above/ These class-ranges are shown 
in the top line of Table A.1-0 at the heads of cols 
(1) to (13). Information on different items is 
given m different lines separately for each class- 
range in the corresponding cols (1) to (13). 

2. In the first portion of the table the average 
expenditure per person in rupees per 30 days is 
shown for 4 ‘food’ items m lines 1 to 4, the total 
expenditure on food items in line 5, on clothing 
medical expenses and ‘others’ in lines 6-8; non¬ 
food total in line 9; and finally the expenditure 
on all Items of consumption in line 10. 

3. The expenditure on each item can be expressed 
as a percentage of the total expenditure given in 
line 20. These percentages are shown m lines 11 to 
20 and show many interesting features The per¬ 
centage expenditure on foodgrains (line 11) is 
over 55 per cent in the poorest group in col (1) 
and decreases to about 17 per cent in the highest 
group in col (12) The total expenditure on food 
(line 15) falls from 79 per cent at the bottom in 
col (11) to 44 8 per cent at the top in col (12) 
with an overall average of 65 4 per cent for all 
farmlies. This shows that for India as a whole, 
food items make up about two-thirds of the house¬ 
hold expenditure; in the poorest section it can be 
as high as four-fifths. Many other comparisons 
can be made on the basis of the results given in 
this table. 

4. The average size of households, that is, the 
number of persons in the household is given in line 
23; the estimated number of households (in million) 
in line 24; the estimated number of persons (in 
million) in line 25. It appears that, according to the 
NSS. there were nearly 80 million households and 
385 million persons m India at the time of the 
survey. The expenditure m Rs crore per 30 days 
IS a^so given in lines 26 to 28 The household budget 
of India came to about Rs 722 crore per 30 days, 
out of which about Rs 472 crore were spent on 
food and Rs 250 crores on non-food items. 

5. Line 21 gives the peicentage of persons m each 
expenditure class. From this line it can be seen that 
14*01 percent of the population spend less than 
Rs 8 per person in 30 days. The next line 22 gives 
the accumulated percentages which is obtained by 
adding the figures in successive columns This is 
very convenient, because it makes it possible to see 
directly the percentage of the population spending 
less than a specified amount. For example, from 
col (2) it would be seen that 31 *32 percent or almost 
a third of the population spend less than Rs 11 


per person pei 30 days; from col (4), that 52*2 
percent or more than half the population spend less 
than Rs 15^, from col (9), that nearly 90 percent 
of the population spend less than Rs 34^. This brings 
out the actual level of living of 90 percent of our 
countrymen. 

6 The above infoimation has been shown in a 
graphical form given m the chart in “Curve A on 
p 76 ‘ Expenditure on all items in rupees” (per person 
per 30 days) in a solid line in the upper left hand 
corner of the chart The vertical scale on the left 
gives the cumulative percentage of the population 
and the horizontal scale at the top fin solid line) 
gives the scale of expenditure in rupees per person 
per 30 days. It is easy to read off from this graph 
the percentage of persons having an expenditure 
below any assigned value From this it is also 
possible to obtain, (by subtraction from 100) the 
percentage of persons having an expendituie greater 
than any assigned value It is^ of course, also possible 
to obtain for any assigned percentage the limiting 
value of the expenditure These values are given in 
Table 3 in the mam text 

Percentage expenditure on cotmimption 
1 The information given in Table A I 0 is shown 
m a different form m Table A 1.1. In each line 
the average expenditure for all classes, given in 
col (13) of Table A 1.0, is adopted as the basis for 
comparison and is put=100 Each figuie m the 
same line is then expressed in the foim of a per¬ 
centage of the figure in col (13) These ate given 
m the form of mdex-numbet in Table A 1 1 and 
show how the expenditure on each item and the 
value of other quantities increase with an mciease 
in the level of expenditure 

8. For example, in line 1 for foodgiains, it is seen 
that in col (1) the expenditure on food is 53 percent 
of the average expenditure for all classes taken 
together. In contrast, in col (12), the highest group, 
the index-number is 211 showing that the relative 
expenditure on foodgrains is double that of the 
general average. Also, comparing the index number 
211 with the index-number 53, it is seen that the 
expenditure is four times greater in the top group 
compared to the bottom group For sugar (line 2), 
the bottom and top index numbers are 18 and 473 
respectively showing an increase of 26 times Similar 
comparisons can be made for other items; but, 
because of errors of sampling, the comparisons 
should not become too refined A glance at col. (12) 
would also show that expenditure in the top group 
IS relatively much greater on non-food items (710) 
compared to food items (394) and very high (907) 
m the case of medical expenses. In fact, medical 
care would seem to be the highest luxury in India 
which only the richer people can afford. 


1 Approximately $3 (three US dollars) and British 22s 6d or US 10 cents and 9 pence per head per day 
^Approximately $7 (seven US dollars) and British 51 shillings or less than US 25 cents and British Is, 
6d. per head per day. 
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expenditure classes m ropees per person per month 


IICIIIS 

Rs.O-8 

8-11 

11-13 

13-15 

15-18 

18-21 

21-24 

2f28 

28-34 

3443 

43-55 

55 & 
above 

all 

classes 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(?) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 





average expenditure m rupees per month 






1 fnndffrains 

349 

469 

589 

635 

693 

758 

826 

851 

871 

933 

1008 

1398 

661 

1| iUvUgAHiUv 

2. siiffar 

009 

020 

025 

036 

042 

052 

065 

077 

105 

113 

146 

241 

051 

3* milk & products 

0-15 

043 

066 

092 

Ill 

178 

215 

269 

369 

471 

998 

856 

175 

4, other food 

122 

185 

234 

273 

328 

354 

431 

481 

567 

601 

743 

1234 

339 

5. food total 

495 

717 

914 

1036 

1174 

1342 

1537 

1679 

1912 

2118 

28 95 

37 29 

1226 

6. clothine 

021 

053 

079 

103 

143 

192 

219 

260 

386 

493 

433 

1024 

177 

7. medical 

001 

009 

oil 

019 

027 

037 

046 

051 

084 

1'21 

173 

390 

043 

8f others 

109 

162 

194 

238 

305 

383 

449 

589 

686 

1040 

1223 

3186 

428 

9. nonfood total 

131 

224 

284 

360 

475 

612 

714 

900 

1156 

1654 

1829 

46 00 

648 

10. total (alhtems) 

626 

941 

1198 

1396 

1649 

1954 

2251 

2579 

30 68 

3772 

47 24 

8329 

1874 


percentage of total expendituie 


IL foodgrains 

5575 

4984 

4917 

45 49 

42 30 

3879 

3669 

3304 

2839 

2473 

2134 

1678 

3527 

12i sugar 

144 

213 

209 

258 

255 

266 

289 

299 

342 

300 

309 

289 

272 

13* milk k products 

240 

457 

551 

659 

673 

911 

955 

1043 

1203 

1249 

2113 

1028 

934 

14. other food 

1948 

1966 

1952 

1955 

1988 

1812 

1915 

1864 

1848 

1593 

1572 

1482 

1809 

li food total 

7967 

76 26 

76 29 

7421 

7119 

6868 

6828 

6518 

6232 

5615 

6128 

44 77 

6542 

16. clothing 

335 

563 

659 

738 

867 

983 

973 

1008 

1258 

1307 

917 

1229 

945 

17. medical 

016 

096 

092 

136 

164 

189 

204 

196 

274 

321 

366 

468 

229 

18. others 

1742 

1721 

1620 

1705 

1850 

1960 

1995 

2284 

22 36 

2757 

2589 

3826 

22 84 

19. non-food total 

2693 

2386 

2371 

2J79 

2881 

3132 

3172 

34 98 

3768 

43 85 

38 72 

55 23 

3458 

20. total 

100 00 

10000 

100 Ofl 

100 00 

100 00 

100 00 

100 00 

100 Ofl 

100 00 

100 00 

100 00 

100 00 

100 OO 

21. percentage of persons 

1401 

1731 

1174 

914 

1155 

821 

704 

553 

517 

485 

259 

286 

100 00 

2i cumulative percentage 

1401 

3132 

4306 

5220 

6375 

7196 

7900 

84 53 

8970 

94 55 

9714 

100 00 


23. size of households (persons) 

540 

536 

572 

500 

485 

457 

448 

439 

405 

449 

330 

338 

483 

24. no. of households (nidlion) 

999 

1244 

791 

704 

918 

692 

605 

485 

491 

416 

302 

327 

79 74 

2^ no.rfpetsons(milhon) 

5396 

6667 

4521 

3521 

44 50 

3162 

2712 

2132 

1991 

1868 

999 

1103 

383 22 






total cxpendiiure in Rs 

crores per 30 days 





26. on‘food’Items 

26 69 

( 47 83 

4133 

3648 

5223 

42 43 

4168 

35 79 

3808 

3958 

28 92 

4114 

472 18 

27. on‘non-food’Items 

722 

1496 

1286 

1266 

2115 

1935 

1937 

1919 

2301 

3090 

1827 

50 75 

249 69 

2i on‘all’Items 

3391 

62 79 

5419 

4914 

73 38 

6178 

6105 

5498 

6109 

7048 

4719 

9189 

72187 

29. no. of sample households 

260 

369 

240 

217 

305 

244 

197 

207 

193 

187 

138 

197 

2754 


no of sample sillagcs=1544 no of sample urban I)locks=l220 

Based on the National Sample Sursc) (NSS) Iflth Round, December l!)55-May l<)56. ,411-India (ruial and urban) excluding Jammu & Kashmir. 
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Table A11 Iniex jumkr 0 /mms) e\peiikitre per person for s perioi of 30 kp hj items of consumption! M Mut (Rural anil Urban)! I955'5f 


expenditure classes in rupees per person per month 


Items 


8-11 

11-13 

13-15 

15-18 

18-21 

21-24 

’24-28 

28-34 

3443 

43-55 

55 & 

all 













above 

classes 

(0) 

(1) 

(2) 

(3) 


(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 



lodex nonber of average expenditure per month 






1. foodgrams 

53 

71 

89 

96 

105 

115 

125 

129 

132 

141 

152 

211 

100 

2 sugar 

le 

39 

49 

71 

82 

lOi 

127 

151 

205 

222 

235 

173 

109 

3. milk & products 

9 

25 

38 

53 

63 

102 

123 

154 

211 

269 

570 

489 

100 

4, other food 

36 

55 

69 

81 

97 

104 

127 

142 

167 

177 

219 

364 

100 

5. total food 

40 

58 

75 

85 

96 

109 

125 

137 

156 

173 

236 

304 

100 

6. clothing 

12 

30 

45 

58 

81 

108 

124 

147 

218 

279 

245 

579 

100 

7. medical 

2 

21 

26 

44 

63 

86 

107 

119 

195 

281 

402 

907 

100 

8. othem 

25 

38 

45 

56 

71 

89 

105 

138 

160 

243 

286 

744 

100 

9, non-food total 

20 

35 

44 

56 

73 

94 

no 

139 

178 

255 

282 

710 

100 

10 total (all Items) 

33 

50 

64 

74 

88 

104 

120 

138 

164 

201 

252 

444 

100 




Indet number of percentage of total expenditure 






11. foodgrams 

158 

141 

139 

129 

120 

110 

104 

94 

80 

70 

61 

48 

100 

12 sugar 

53 

78 

77 

95 

94 

98 

106 

110 

126 

no 

114 

106 

100 

13 milk & products 

26 

49 

59 

71 

72 

98 

102 

112 

129 

134 

226 

no 

100 

14 other food 

108 

109 

108 

108 

110 

IflO 

105 

103 

102 

88 

87 

82 

100 

15 food total 

121 

116 

117 

113 

109 

105 

104 

100 

95 

86 

94 

68 

100 

16 clothing 

35 

60 

70 

78 

92 

104 

103 

107 

133 

138 

97 

130 

100 

17. medical 

7 

42 

40 

59 

72 

83 

89 

86 

120 

140 

160 

204 

100 

18 others 

76 

75 

71 

75 

81 

86 

87 

103 

98 

121 

113 

168 

100 

19 non-food total 

61 

69 

69 

75 

83 

91 

92 

101 

109 

127 

112 

160 

100 

20 total 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

21. percentage of persons 

1401 

1731 

1174 

914 

1155 

821 

704 

553 

517 

485 

259 

286 

10000 

22, cumulative percentage 

1401 

31'32 

43 06 

52 20 

63 75 

7196 

7900 

84 53 

8070 

9455 

7114 

10000 

— 

23 size of households (persons) 

112 

111 

118 

104 

100 

95 

93 

84 

93 

93 

68 

70 

100 

24, no of households 

1253 

1559 

992 

883 

1151 

868 

759 

608 

616 

522 

379 

410 

100 

25 no, of persons 

1401 

1731 

1174 

914 

1155 

821 

704 

553 

517 

485 

259 

286 

100 




hdex number of total expenditure 







26, on‘food’items 

565 

1013 

875 

773 

1107 

899 

883 

758 

806 

838 

612 

871 

100 

27. on‘non-food’Items 

289 

599 

515 

507 

847 

775 

776 

769 

922 

1237 

732 

2032 

100 

28. on‘all’Items 

470 

870 

751 

681 

1016 

856 

846 

762 

846 

976 

654 

1272 

100 

29, no (^sample households 

260 

369 

240 

217 

305 

244 

197 

207 

193 

187 

138 

197 

2754 


no of sample village = 1544, no of sample urban block = 1220 

Based on the National Sample Survey (NSS). 10th Round, December 1955-May 1956, All-India (rural and urban) excluding Jammu Kashmir. 
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9. The index numbers given in Table A,1 1 lines exactly equal share, then 5 percent of the popula- 
11 to 19, show the change in percentages of expend!- tion would have 5 percent of the total expenditure; 
tures (as distinguished from actual expenditure) on 10 percent of the population would have 10 per- 
different items. It is seen that the percentage cent of the total expenditure and so on It is possible 
expenditure on foodgrains and other items of food to draw this as a graph. Corresponding to a point 
decreases with rising expenditure level. Tne per- 5 percent on the horizontal scale the value of the 
centage expenditures on sugar, milk and milk- ordinate would be 5 percent; for 10 percent on 
products, and clothing, however, continue to increase the horizontal scale the corresponding value on 
as expenditure increases, and the relative increase the vertical scale would be 10 percent. Tne graph 
IS highest in the case of medical expense. is obviously given by the straight line joining the 

*‘zero” point on both scales with the “lOO^-pomt 
Concentration curves for consumer expenditure on both scales which is the straight line inclined at 

10 The question of equality or otherwise of the 45® to the axis. This line represents a completely 
consumer expenditure can be studied in a different egahtarian distribution without any concentration, 
way in the form of what is called ‘‘concentration 

curves”. Relevant data are given in Table A.l 2 12. The actual distribution or apportionment of 

and are also shown in a graphical form m curves expenditure is, however, not equal; and it would 
B, G, and D, in the chart given on p 76. Consider be of interest to plot the graph of the observed 
the right hand side of the chart The horizontal expenditure Relevant data are given in Table A.l 2, 
scale at the bottom represents peicentage of the m which col. (1) shows the expenditure groups as m 
population (beginning at the bottom with those Tables A.l 0 and A 1 1 In this particular case the 
having the lowest expendituie pei person and information is giv^en separately for two sub-samples 
finishing with those having the highest expendituie 1 and 2 based on different sets of sample villages 
at the top) The vertical scale on the right hand side and sample households It may be mentioned heic 
represents percentages of the total consumer ex- that the estimates given m Tables A 1.0 and A 1 1 
penditure, rising fiom zero to 100 percent at the were obtained by combining the two sub-samples 
top. 1 and 2. 

11, Consider the total expenditure, say, on all 13. The sample villages and the sample households 
Items and call this 100. If each person has an m each sub-sample were selected in accordance 

Table* A.1.2t Cumulative percentage of expenditute on food\ ^nonfooi\ and ^alV it’m* all-hidia (Rural and urban) * 
1955-56 

per capita actual number 
expenditure of sample 
classes in households 
Rs 

SSI S S2 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

0— 8 

135 

125 

*13 k 

’ H-io" 

. .. cumulative percentage. 

5 64 5-66 2 82 

’ 2 96 

4-67 

4-73 

8—11 

181 

188 

31-52 

31-12 

16 15 

15 43 

8-60 

9 15 

13 55 

13 26 

11—13 

122 

118 

43-62 

42 50 

25 37 

23-74 

13 80 

14 25 

21 38 

20 45 

13—15 

115 

102 

52-65 

51-74 

33 16 

31-41 

18-89 

19 31 

28 23 

27 21 

15—18 

153 

152 

64-17 

63 33 

44-38 

42 30 

27-56 

27-59 

38-57 

37 20 

18—21 

131 

113 

73-61 

70-32 

55-06 

49 66 

36-32 

34 37 

48 59 

44 36 

21—24 

89 

108 

79-36 

78 63 

62-29 

60 03 

42-97 

43 19 

55 62 

54 19 

24—28 

104 

103 

85-93 

83-14 

71-32 

66 22 

52-37 

49 24 

64 78 

60 33 

28—34 

91 

102 

90-28 

89-12 

77-81 

75 80 

60 63 

59 37 

71 88 

70 10 

34—43 

98 

89 

95-31 

93 79 

86-66 

83-73 

73 64 

71-14 

82 17 

79 36 

43—55 

60 

78 

97-08 

97-19 

90 83 

91-73 

79-27 

80-07 

86 85 

87 69 

55 & above 

98 

99 

100-00 

100-00 

100 00 

100-00 

100 00 

100-00 

100 00 

100 00 


all classes 1377 1377 


no of sample villages: S S 1=772, S S 2=772, no of sample blocks: S S 1=610, S S 2=610. 
Based on National Sample Survey (NSS): 10th Round, December 1955—May 1956, All India (rural 
and urban) excluding Jammu & Kashmir. 
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PRESIDENTIAL ADDRESSES 


With a design of sampling based on the theory of 
probability. Each sub-sample covers the whole of 
India (rural and urban), and each sub-sample 
would supply valid estimates for every item under 
study. The two sub-samples are completely inter¬ 
penetrating, and the results based on the two 
samples have equal validity and are comparable. 
The object of using two (or more) interpenetrating 
sub-samples can be briefly explained. As each sub¬ 
sample gives a valid estimate, a direct comparison 
of the results based on two (or more) sub-samples 
immediately supplies information on the consistency 
of the estimates If two (or more) sub-sample esti¬ 
mates are in good agreement, then it is possible to 
have confidence m the results. If the results diverge 
widely, then the results must be suspected. How 
this method works in practice would become clear 
as soon as the procedure for drawing the graphs is 
explained. 

14 The number of sample households in the two 
sub-samples are given in cols (2) and (3) to show 
the size of samples but are not used m drawing the 
concentration curves Col (4) gives the accumulated 
percentages of persons in sub-sample 1, similar to 
the figures given in line 22 of Table A. 1.0. Per¬ 
centages for sub-sample 2 are given in col (5) 
The expenditure on, say, food items (or non-food 
Items, or all items) is known for each expenditure 
group shown in col (1); and the total expenditure 
on food Items for all expenditure groups taken 
together is also known. It is, therefore, possible to 
express the expenditure incurred in any particular 
group as a percentage of the expenditure incurred 
by all the groups In this way, each expenditure 
group, in each line of Table A 1.2 would have a 
figure gi\ing its percentage share of the total 
expenditure on food (or non-food, or all) items 
These percentages can then be added successively 
from the bottom up, and would supply the ‘cumula¬ 
tive percentage of expenditure’, say, on food items 
shown in col (6), For example, the expenditure 
group ‘0-Rs 8’ accounts for 5*64 percent of the 
total expenditure on food items. The two groups 
*0-Rs. 8’ and ‘Rs 8-11’ together account for 16 15 
percent of the total expenditure on food items and 
so on. 

15. The cumulative percentages of persons in col (4) 
can be represented on the horizontal scale (at the 
bottom of the chart); and the corresponding cumu¬ 
lative percentage of expenditure can be represented 
on the vertical scale (on the right of the chart). 
The values given in the same line in cols (4) and (6) 
are plotted on the chart and are shown by the graph 
for sub-sample 1 of concentration curve B for 


expenditure on food items. A similar graph can 
be drawn for sub-sample 2 on the basis of each 
pair of figures given in the same line of cols (5) 
and (7) The two graphs for concentration curve 
B were drawn in this way The same piocedure 
was followed in the case of expenditure on non¬ 
food Items by plotting the figures given in cols (4) 
and (8) for sub-sample 1, and the figures in cols (5) 
and (9) for sub-sample 2; these are shown in the 
two graphs of concentration curve G. For expendi¬ 
ture on all items, the figures m cols. (4) and (10) 
for sub-sample 1, and figures in cols, (5) and (11) 
for sub-sample 2 are plotted to give the two graphs 
of concentration curve D 

16. It IS of interest to examine the three sets of 
double graphs of B, G, and D. Gonsider the two 
graphs of curve B, each of which gives an equally 
valid sample representation of the concentration 
curve for expenditure on food. They diverge to 
some extent but not too much. We may, therefore 
infer that the ‘true’ concentration curve B for 
expenditure on food items lies somewhere m the 
neighbourhood of the pair of graphs for sub¬ 
samples I and 2. Also, the divergence between this 
pair of graphs supplies some idea of the margin of 
errors of sampling. In the same way, we can locate 
approximately (and always subject to some margin 
of errors of sampling) the position of concentration 
curve G for expenditure on non-food items, and the 
position of concentration curve D for expenditure 
on all Items of consumption. 

17. Tne divergence between the concentration 
curve B, on one hand, and the concentiation curve 
D, on the other hand, can be directly seen on the 
chart to be much greater than the divergence 
between the pair of graphs for the two sub-samples 
of curve B or of curve D. From this we may infer 
that the two concentration curves B and D are 
significantly different in the statistical sense. Looking 
at all the three pairs of graphs it can be inferred 
that the three concentration curves B, G and D 
are all different. It has been possible to make this 
inference m this very simple manner, because we 
have been able to use a pair of graphs (based 
respectively on sub-samples 1 and 2) for each of 
the three concentration curves B, G and D.^ 

18 We may now examine the concentration curve 
or the figures given in Table A 1.2 to understand 
the implications. For sub-sample 1, the lowest 
group ‘0 to Rs. 8’ has a percentage share of popula¬ 
tion of 13*84 percent, in col (4); but its share of 
expenditure on food items is only 5*64 percent, 
in col (6); and the share of non-food expenditure 


^When a particular number or quantity (as distinguished from a curve, as in the present case) is 
estimated, the margin of error can be calculated with considerable accuracy on results based on two or 
more interpenetrating samples. The rule is extremely simple: for a set of 2, 3, 4, 5, 6,, , k inter¬ 
penetrating samples the probability would be respectively 

1/2, 3/4, 7/8, 15/16, 31/32 (2«'i-l)/2«-i 

and the ‘true’ value of the parameter lies between the two extreme estimates based on the interpenetrating 
samples. This method is being used in the Indian Statistical Institute since 1937. 
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IS still less and only 2 82 percent, in col (8); the 
share of expenditure on all items is 4 67 percent, in 
col (10), and naturally falls between the other two* 
The position can be ascertained for other groups 
or for any percentage of the population directly 
from the graph. It would be seen the lower the 
concentration curve at the beginning, the lower 
will be the share of the poorer households, 

19 It will be noticed that expenditure on food is 
more egalitarian than the expenditure on all items, 
while expenditure on non-food items deviates most 
from equality This can be seen clearly from the 
curves B, G and D on the chart. Tne farther a 
concentration curve hes towards the lower right- 
hand corner of the chart, the greater is its deviation 
from the egalitarian distribution shown by the 
straight line inclined at 45® to the axis The more 
intense the concentration, the greater would be the 
advantage enjoyed by a few iich men ovei a veiy 


large number of poor people. Concentration curves 
thus give a simple visual picture of the non-equahty 
of the distribution. 

Concentration curve for land holdings 
20. It is, of course possible to draw concentration 
curves for distributions other than that of expendi¬ 
ture, The case of holdings of land by households is 
of great interest Some relevant data are given in 
Table A.2,0 based on a special survey of land- 
holdings earned out in the NSS: 8th round: July 
1954-March 1955 covering the whole rural area 
of India. In this survey 12 interpenetrating sub¬ 
samples were used information for 4 of which was 
collected by the NSS (which is a Central agency) 
and information for the remaining 8 sub-samples 
was collected by respective State Governments in 
the form of two groups of samples called State-I and 
State-II, each consisting of 4 sub-samples. The 
infoimation is given in Table A 2.0 sepaiatelv foi 


Table A.2.0. Percentage uj household^ (excluding those oj size less than 0 10 nne) below specified size of ownership 
holding and the corresponding percentage oJ area owned All India (Rural) * 1953^54 


Cumulative percentage of 

Specified size Number of sample- 

of ownership households Total number of households Area owned 



iiuiuxiiga 


Getral State I State II 

Getral 

State I 

State II 

Central 

State I 

State II 



(1) 


(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

1. 

0-10 

-0-50 

acre 

1,107 

1,210 

1,043 

9 49 

10-94 

9-47 

0-37 

0 40 

0-33 

2. 

up to 1 00 

9> 

1,099 

1,095 

1,075 

18-95 

20-58 

18 82 

1 29 

1 37 

1 23 

3, 


1 50 


1,060 

996 

1.012 

27-38 

28 90 

27 34 

2-70 

2 80 

2 61 

4. 

1J 

2 50 


1,656 

1,578 

1,596 

40-21 

41-33 

40 75 

6 17 

6 20 

6 10 

5 


5*00 


2,856 

2,805 

2,622 

61 24 

61-97 

60 68 

16-53 

16 65 

1 5 54 

6 


7 50 


1,825 

1,848 

1,722 

73 73 

73 51 

72 60 

26 99 

26 55 

25 20 

7 


10-00 


1,164 

1,265 

1,241 

80 77 

80-60 

80 Of) 

35 34 

35 17 

33 73 

8. 

J5 

15 00 


2,311 

2,495 

2,486 

88 25 

88 69 

81 71 

47 93 

48 93 

46 06 

9. 


20-00 

91 

1,368 

1,337 

1,337 

92-42 

92 56 

91 78 

57 83 

58 28 

55 36 

10. 


25-00 

99 

1,038 

964 

1,021 

94 56 

94-80 

94 11 

64 38 

65-23 

62 18 

11 


30 00 

91 

675 

629 

740 

96 13 

96-15 

95-76 

70-29 

70-38 

68 18 

12. 


40-00 

99 

757 

693 

847 

97-77 

97-77 

97 56 

77 98 

78-19 

76 32 

13. 

} J 

50-00 

99 

396 

392 

414 

98-61 

98-64 

98-48 

83-10 

83 58 

81 39 

14. 


75-00 


413 

395 

464 

99 48 

99-44 

99-44 

80-16 

90-37 

89 48 

15. 


100-00 

99 

127 

134 

136 

99-73 

99 71 

99-70 

92-98 

93 64 

92-40 

16 

?? 

250-00 

99 

131 

134 

128 

99-97 

99-99 

99 97 

97 60 

99-10 

97 69 

17. 

94 

500-00 

99 

14 

6 

18 

99 99 

100-00 

100 00 

98-62 

99 68 

99 01 

18 

above 500-00 

59 

6 

1 

4 

100-00 

100-00 

100 00 

100-00 

100 00 

100 00 

19. Total 



18,003 

17,977 

17,906 








20. Sample villages 1,410 1,422 1,383 


Based on the National Sample Survey: 8th Round, July 1954—March 1955. Information for the Central 
sample was collected by an agency of the Government of India and for the State samples by the respective 
State Governments. The Central, State-I, and State-II samples are each based on four interpenetrating 
samples; and all 12 samples also form, of course, an interpenetrating net work of samples covering the 
rural area. 
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3 groups of samples; Central, State-I and 
State-IL 

21. Information was obtained about the size in 
acres of the total holdings of land owned by each 
household. The households were then classified in 
groups bv size of holding, such as, owning ‘0*10 to 
0-50 acre;’ owning ‘0’50 to 1 00 acre^ and so on. 
The number of households in each group and also 
the total area of land held by each group were then 
calculated; and these were expressed as percentage 
of the total number of households and of the total 
area of land owned by all households. The next 
step was adding up the percentages by successive 
groups to give the ‘cumulative percentage of house¬ 
hold’ and the ‘cumulative percentage of total area 
of land owned by households,’ These figures are 
given for the Central sample in cols (5) and (8) 
respectively of Table A.2.0; for State-I sample in 
cols (6) and (9) respectively, and for State-I I 
sample in cols. (7) and (10) respectively. These 
three sets of values were then drawn on the chart in 
the form of the three graphs of concentration curve 
E, at the extreme lower right-hand corner of the 
chart. 

22 The number of sample households is given in 
cols (2)* (3) and (4) which show that the size of the 
sample was much larger in the case of the survey 
of land-holdings compared to the survey of house¬ 
hold expenditure. Each of the Central, State-I and 
State-II samples had about 18,000 sample house¬ 
holds compared to only 1377 sample households in 
sub-samples 1 and 2 in the case of household 
expenditure. It is of interest to note that the three 
graphs of curve E he very close to one another 
(and are almost indistinguishable), no doubt, due 
to the large size of the samples Comparing the 
graphs of curve E with the graphs of B, C and D. 
It IS seen that the margin of errors of sampling is 
much smaller m the case of curve E, The size of 
samples in the case of landholdings would seem 
to be quite adequate. 

23. It should be mentioned that in the present case 
only those households have been included which 
own more than 0*10 acre of land in order to exclude 
landless labour and households who practically do 
not own any land. The most important point to be 
noted IS that the concentration of land-holdings is 
far greater than the concentration of expenditure 
on non-food items of consumption. The distribution 
of land-holdings is thus far more unequal than the 
distribution of consumer expenditure The curves 
B, G, D and E give a clear idea of the inequality 
in the level of living and in the ownership of land 
in India at the present time. 

Employment and unemployment 

24. Table A 3.1 shows the position regarding the 
labour force, employment and unemployment 
based on the 9th Round of the National Sample 
Survey (NSS)-^ May-August 1955. Estimated 
numbers in million are given for each category in 


cols. (2), (3) and (4) for rural and urban areas, 
and all-India respectively. The corresponding per¬ 
centage of the total are shown in cols (5), (6) and 
(7) Tne first portion A gives the basic information 
Consider the all-India figures given in col (4) and 
corresponding percentages in col (7). It is seen 
from line 1 that the total estimated population 
(on the basis of the National Sample Survey) was 
382 4 million in 1955, and from line 3 that the 
labour force consisted of 162*6 million persons 
(or 42 5 percent of the population, as shown m 
col (7), line 3) who were at work or seeking work 
at the time of the survey. Within the labour-force 
Itself 160*4 million were gainfully occupied (line 5) 
and 2*24 million were ‘‘unemployed” (line 4) in 
accordance with the concept of “unemployment” 
used in industrially advanced countries. 

25 For various reasons, it is known that the concept 
of unemployment used in the advanced countnes 
IS not suitable in the case of under-developed 
countries in which most of the people work m 
household enterprises and agriculture They are 
never “unemployed” in the technical sense, but may 
often have to sit idle for lack of gainful work. 
The figures for “unemployed” given in line 4 are 
not, therefore, adequate. A better picture can be 
obtained, if consideration is given to the amount of 
time a person is available for work or is actually 
engaged in gainful work This has been sought to 
be done in Pait B of the table. Three different 
approaches were used 

26 Information was collected on how many more 
hours a person was available for work per week 
and the replies were classified in groups of “available 
from 1 to 8 hours per week,” “from 8 to 14 hours 
per week,” etc , (that is, by units of 1 hour per 
day per week), shown in lines 6 to 13, Those who 
are available for work for more than 29 hours per 
week (that is, who can accept work for more than 
4 hours per day for 7 days) are either practically 
unemployed or are sitting idle for half the week oi 
more Their number would come to 1T7 million 
[col (4), line 9]. This is perhaps a lower limit of 
effective unemployment. 

27. Information about hours of work per week is 
given (in an accumulated form) in lines 14 to 20. 
It would be seen that the number of persons work¬ 
ing less than 8 hours per week was 20*9 million 
and their position was practically the same as tfiat 
of the unemployed. The number of persons working 
less than 29 hours per week or 4 hours per day was 
as large as 44 8 million [col (4), line 16]. 

28. A third approach was to enquire how many 
days a person was engaged in gainful work during 
30 days preceding the day of interview. The infor¬ 
mation IS given m the form of accumulated totals 
in Imes 21 to 26. The number of persons working 
less than 10 days out of 30 days, or less than one- 
third of the month, was 39-2 million [col (4), line 
22]. This is broadly consistent with the figure 
44 8 million given in the previous paragraph. 
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29. There is, however, a big gap between estimates 
of the number of unemployed persons based on 
B (1) the hours per week available for additional 
work and B (2) the hours of work per week. A 
special enquiry earned out in the NSS* 7th Round, 
October 1953-March 1954 had given some interest¬ 


ing information on this point. The number of 
persons working part-time was obtained as 47*2 
million corresponding roughly to 44 8 nulhon 
persons who worked 28 hours or less per week as 
given in col (4), line 16 of Table A.3,1. The enquiry 
in the 7th Round brought out that among them 


Table A.3.1: Status of economic activity and gainful employment Rural^ Urban and alUIndia 




estimated number of persons 
m milbon 

percentage of total 

rural 

urban 

all-India 

rural 

urban 

all-India 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 


A 

Distribution of population by status of economic activity^ 


1 . 

total population 

316-1 

66-3 

382-4 

100 0 

100-0 

100 0 

2 . 

outside labour force 

1764 

43 4 

219 8 

55 8 

65 6 

57-5 

3 

m labour force 

139-7 

22 9 

162 6 

44 2 

34 5 

42 5 

4 

unemployed 

0-92 

1-32 

2 24 

0 29 

1 99 

0*59 

5. 

gainfully employed 

138 8 

21 6 

160-4 

43 9 

32 G 

41 9 


B 

Distribution of gainfully employed persons by period of work 


( 1 ) 

hours available for additional 







work per week^ 







6 . 

above 70 hours 

0 38 

0-04 

0 42 

0 28 

0-20 

0-26 

7. 

56 „ 

1-2 

0 11 

1 3 

0 85 

0 51 

0 81 

8 

„ 42 „ 

6-1 

07 

68 

4.4 

33 

42 

9 

,, 28 „ 

10 4 

1-3 

11-7 

7.4 

62 

73 

10 

» 14 „ 

I 7 6 

25 

20 1 

12 7 

11-6 

12-5 

11 . 

7 

if ' a 

22-1 

32 

25-3 

159 

150 

158 

12 

„ 1 hour 

24-3 

34 

27 7 

17 5 

15-7 

17 3 

13. 

ml 

138 8 

21 6 

160 4 

100-0 

100 0 

100 0 


(2) hours of work per week*^ 


14. 

7 houis or less 

18 9 

20 

20 9 

136 

92 

130 

15. 

14 

39 

24-3 

26 

26 9 

175 

12 1 

16 8 

16 

28 

J J 

40-2 

46 

44-8 

29 0 

21-5 

27 9 

17 

42 


64-3 

85 

72-8 

46 3 

39 5 

45 4 

18 

56 

>3 

109-7 

17-2 

126-9 

79-0 

79 4 

79 1 

19. 

70 

J J 

133-4 

20-3 

153-7 

96-1 

93-9 

95 8 

20 . 


all 

138-8 

21-6 

160-4 

100-0 

100-0 

100 0 


(3) days of work per 30 days^ 


21 . 

less than 5 days 

28-2 

1-6 

29-8 

30 2 

7-2 

18 6 

22 . 

,, ,, 10 ,, 

37-2 

2-1 

39-2 

26-7 

96 

24 4 

23. 

jj j» 1 ^ fi 

50-1 

3-2 

53-3 

36-1 

14 6 

33-2 

24. 

» » 20 „ 

62-5 

46 

67 1 

45 0 

21 1 

41-8 

25. 

JJ JJ 25 ,, 

78-3 

8-2 

86 5 

56-4 

38 0 

53-9 

26. 

JJ JJ ,, 

138-8 

21-6 

160-4 

100-0 

100-0 

100-0 


^Based on the National Sample Survey (NSS); 9th Round, May-August 1955; growth of population 
calculated on the Census 1941-1951 rate of 1*32 per cent per annum. 

^Percentages in cols (5) to (7) and lines (1) to (20) based on NSS: 9th Round, May-August 1955, 
sub-samples 1 and 2 only, consisting of 8,037 rural and 16,703 urban sample households. 

^Percentages in cols(5) to (7) and lines (21) to (26) based on NSS: 5th and 6 th Rounds, December 1952- 
August 1953, consisting of 12,976 rural and 5,670 urban sample households. 
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104 million (22 percent of the total) were working 
part-time partly on account of ill-health of the 
worker and partly because of illness in his house¬ 
hold. Also, 234 million persons (or roughly half) 
were working a part of the time foi reasons of an 
economic nature, such as lack of demand for their 
labour, lack of tools and raw materials, slack and 
offseason, etc.; and 13 4 milhon persons gave other 
reasons. It would seem from the above discussion 
that at least 23 milhon persons, who were working 
part-time for reasons of an economic nature, can be 
considered as severely “underemployed.” 

30. It IS clear that the volume of underemployment 
is very great indeed m India, It is, however, difficult 
to set up precise definitions and standards for 
imemployment and underemployment especially in 
rural areas and in household and small scale enter¬ 
prises and m the case of self-employed persons. 
The actual number would depend entirely on 
where the line is to be drawn between employment 
and underemployment. 

31. Table 3,2 gives information on the distribution 
of gamfully employed persons by industries and by 
economic sectors (public, large scale, private house¬ 
hold, etc). From col (9) it is seen that out of a total 
number of gamfully employed persons of 160*38 
million, 119 76 or nearly 120 million work m 
agriculture, forestry, livestock, etc The total 
number engaged in manufacturing industries is only 
17*54 million, out of which also only 3 47 million 

TableA.3.2.: Gainfully employed persons by industries; 


are engaged in modern large scale industiies. Trade 
and commerce with 5*84 million and service with 
5*13 million come next in order of importance. 

32. From col (2), bottom line, it is seen that 7*26 
million persons are employed in the public sector, 
that is under the Central and State Governments, 
Municipalities, and other public authorities; and 
from the total of col (3) that 5 65 million are 
employed m private large scale enterprises. These 
two taken together, 12 91 million persons have 
employment of the type familiar m industrially 
advanced countries, and in their case it is probably 
possible to specify fairly well whether a person is 
employed or unemployed m the sense in which 
“unemployment” is defined m advanced countries. 

33. The private small scale sector has 146 61 milhon 
[col (7), bottom hnej, o\i* of which 115 23 million 
are household labour (col. 4). They may be fully 
or only partly engaged in work but can almost 
never be “unemployed” in the technical sense The 
structure of employment clearly shows the back¬ 
wardness of the Indian economy. 

34. Table A 3.3 shows the incidence of “un¬ 
employment” among educated persons defined as 
matriculates or having higher educational quali¬ 
fications. The concept of “unemployment” used is 
the same as that used in the advanced countries 
and IS known to be much too restricted and hence 
unsuitable for underdeveloped countries. However, 

all-India: 1955 


industry 

public 

private 

large- 

scale 


private small-scale 


not 

recoided 

total 



house¬ 

hold 

labour 

hired 

labour 

domes¬ 

tic 

service 

sub-total 
(4) + (5) 
+ (6) 


(1) 

(2) 

(3) 

w 

(5) 

(6) 

(7) 

(8) 

(9) 

1. agriculture, forestry, 
livestock, fishing and 
hunting 

0-41 

0 93 

93 23 

million pel sons 

24 76 0*00 

117*99 

0 51 

119 84 

2. mining and quarrying 

0 04 

0-39 

0-01 

0*08 

— 

0*09 

0 00 

0*52 

3. manufacturing 

0*44 

3 47 

11*38 

2*10 

0 00 

13*48 

0 16 

17*55 

4. construction 

0 26 

0 22 

0*66 

0*85 

0 00 

1-51 

0*01 

2*00 

5. electricity, gas, water, 
sanitation 

0 16 

0 01 

0 09 

0*00 


0 09 

0*01 

0*27 

6. trade and commerce 

0-10 

0-22 

4*78 

0 72 

0 00 

5*50 

0 02 

5*84 

7. service 

2-65 

0-14 

1*07 

0*49 

0*77 

2*33 

0 01 

5*13 

8. transport and 
communication 

1*47 

0-14 

1*03 

0*24 

0 00 

1 27 

0 03 

2*91 

9. not specified above 
and not recorded 

1-73 

0 13 

2*98 

0 67 

0 70 

4*35 

0*11 

6*32 

10. total 

7 26 

5 65 

115*23 

29 91 

1*47 

146 61 

0 86 

160*38 


Based on the National Sample Survey (NSS): 9th Round: May-August 1955, sub-samples 1 and 2 only 
consisting of 8,027 rural and 16,703 urban households. 
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Table A«3«3 Distribution of total population and unemployed persons by education class: Rural, Urban and 
All India: 1955 


education class 

rural 

urban 

all-India 

percentage of 
unemployed 

total 

un¬ 

employed 

total 

un¬ 

employed 

total 

un¬ 

employed 

rural urban all- 
India 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) (9) (10) 




million persons 



percentage . 

1. below 
matriculate 

314 70 

0 76 

62 70 

l-OI 

377 40 

1 77 

0 24 1 60 0-47 

2 matriculate 

1 10 


240 


3 50 



3. intermediate 

0 19 


0*65 


0 84 



4 graduate and 
above 

0 13 


0 57 


0 70 



5 sub-total (2—4) 

1 42 

0 16 

3 62 

0 31 

5 04 

0 47 

11-42 8-59 9 40 

6. total 

316 12 

0 92 

66 32 

1 32 

382-44 

2 24 

0-29 1-99 0 59 


Based on the National Sample Survey: 9th Round, May-August 1955, sub-samples 1 and 2 only, consist¬ 
ing of 8,03*7 rural and 16,703 urban sample households. Growth of populaion calculated on the basis 
of the Census 1941-51 rate of 1'32 percent per annum. 


using this strict definition of unemployment, it is 
of interest to observe [from col (7), line 5] that 
there were about 0*47 million or 4*7 lakhs un¬ 
employed in 1955 out of a total of 5 million or 
50 lakhs of educated persons altogether. Taking 
into consideration the facts that about 4 lakhs of 
candidates matriculated in 1955 and that the 
number is steadily increasing, it can be easily 
imagined how very difficult the problem of un¬ 
employment among educated persons would become 
in future, unless there is rapid economic develop¬ 
ment. 

General and professional education 
35. Table A.3.4 shows the number of persons 
passing different examinations in India each year 
from 1950 to 1955 based on information collected 
by the Planning Commission. There is no doubt 
that general education is increasing quite fast. In 
most cases numbers have more than doubled in 
five years since 1950. The number of matriculates 
was over 4 lakhs in 1955 which represented about 
1050 matriculates per million of the population. 


The number of first graduates was about 57,000 or 
about 150 per million which is comparable with 
an out-turn of about 20,000 graduates in the UK 
with a population of 51 million or 392 per million. 
A comparison can also be made on the basis of 
literate persons. The number of literates m India in 
1955 was about 63 2 million (all ages below 5 are 
omitted in calculations relating to literacy). The 
number of matriculates in 1955 was thus about 
5,300 per milhon literates; and the number of 
first graduates was about 900 per million literates. 
In the UK the number of persons of age 5 years 
or more was about 44 million and this would be 
also the number of literates (because of universal 
literacy) and is comparable to 63 million literates 
in India. On the basis of an out-turn of about 20,000 
graduates per year in the UK, the number would 
work out at about 450 graduates per million 
literates. The proportion of graduates in India in 
relation to literates (900) would this seem to be 
double that of the UK (450). This supplies some 
interesting information on social differentials in 
education. 
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Table A*5«4: General and professional Education: All India 1950-55 


PRESIDENTIAL ADDRESSES 



qualification 


number of persons qualifying 

in 


index- 
number : 
1951 = 100 

1950 

1951 

1952 

1953 

1954 

1955 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 




General educatioti 




1. 

Matriculation 

1,69,184 

2,41,143 

2,61,059 

3,34,760 

3,97,005 

4,00,014 

166 

2. 

Intermediate 

59,283 

72,685 

77,836 

89,021 

1,04,851 

1,26,476 

174 

.1 

Arrs 

41,652 

47,013 

52,373 

59,703 

71,640 

86,741 

185 

.2 

Science 

17,631 

25,672 

25,463 

29,318 

33,211 

39,735 

155 

3. 

First degree 

28,745 

32,238 

36,136 

40,033 

50,178 

57,051 

177 

.1 

Ar*s 

19,212 

21,251 

24,965 

27,491 

35,773 

40,444 

190 

.2 

Science 

9,533 

10,987 

11,171 

12,542 

14,405 

16,607 

151 

4. 

Master^s degree 

5,581 

7,138 

7,734 

7,855 

9,777 

11,013 

154 

.1 

Arts 

4,5J3 

5,729 

6,054 

6,161 

7,709 

8,802 

154 

.2 

Science 

1,078 

1,409 

1,680 

1,694 

2,068 

2,211 

157 

5. 

Doctorate 

115 

146 

164 

123 

280 

324 

222 

.1 

D P III (junior) 

56 

136 

159 

115 

269 

n.a. 

(198) 

.2 

DSc (senior) 

59 

10 

5 

8 

11 

n.a. 

(110) 

6. 

total 

2,82,908 

3,53,350 

3,82,929 

4,71,792 

5,62,091 

5,94,878 

168 




Engineering and teclinology 




7. 

Certificate 

566 

14,189 

13,604 

17,418 

15,718 

18,588 

131 

8. 

Diploma 

784 

1,547 

2,871 

2,575 

3,148 

3,774 

244 

9. 

First degree 

1,923 

2,189 

2,510 

3,046 

3,520 

3,583 

164 

10. 

Master’s degree 

50 

66 

82 

69 

211 

144 

218 

11. 

total 

3,323 

17,991 

19,067 

23,108 

22,597 

26,089 

145 




Medical science 




12. 

Diploma 

50 

117 

120 

267 

-- 

— 

— 

13. 

First degree 

2,017 

1,624 

1,985 

2,146 

3,131 

— 

(193) 

14. 

Master’s degree 

19 

256 

261 

350 

693 

— 

(271) 

15. 

Doctorate 

52 

54 

55 

63 

48 

— 

(89) 

16 

total 

2,138 

2,051 

2,421 

2,826 

3,872 

— 

(200) 




Agriculture 





17. 

Certificates 

459 

783 

1,120 

982 

999 

1,510 

193 

18. 

Diploma 

585 

661 

352 

691 

563 

778 

118 

19. 

First degree 

1,067 

1,118 

984 

914 

1.004 

971 

87 

20. 

Master’s degree 

146 

151 

209 

190 

198 

193 

128 

21. 

total 

2,257 

2,713 

2,665 

2,777 

2,764 

3,452 

127 




Veterinary science 




22. 

Diploma 

62 

34 

37 


■ 

_ 

■ 

23. 

First degree 

112 

242 

237 

252 

298 

300 

124 

24. 

Master^s degree 

— 

— 

— 

— 

135 

147 

— 

25. 

total 

174 

276 

274 

252 

433 

447 

124 


Notes' (1) Index-numbers within brackets are for year 1954. 

(2) Source of information; Division of Perspective planning, planning Commission. 






NEXT STEPS IN PLANNING 


P C Mahalanobis 
(delivered at New Delhi) 1959) 


Introduction 

India adopted planning for economic 
development with the initiation of the 
First Five Year Plan in 1951. At this stage, 
the plan was essentially a list of projects 
without any clear unity of purpose. A sense 
of strategy began to develop and certain 
broad aims were formulated in advance 
in 1954 for the preparation of a draft frame 
for the Second Five Year Plan. It was 
agreed that attempts must be made to get 
India out of the fear of unemployment in 
ten years or as soon as possible, to lay 
sound foundations for a continuing im¬ 
provement in the level of living, that is 
of the national income; and also to brmg 
about greater equality of opportunities. 

In 1955 India accepted socialism as the 
goal of economic policy. The Second Five 
Year Plan took a long term view of econo¬ 
mic development over a period of 10 or 
15 years or more, and adopted a basic 
strategy for this purpose which involved 
a crucial change in the outlook. Three 
years have nearly passed after the initiation 
of the Second Plan in April 1956 There 
have been many gains and some set-backs; 
and much expenence has been gathered. 
We must now prepare our mind for the 
Third Five Year Plan which will have to 
be started in about two years. It is, there¬ 
fore, appropriate that we should now 
consider the next steps in planning. 

Review of Industrial Development 

Before doing this it will be useful to consider 
previous developments in India in the 
context of the history of industrialization 
of the more advanced countries of the 


world. The industrial revolution started 
about two hundred years ago in the 
United Kingdom, the USA and countries 
of Western Europe where science and 
technology were highly developed. At first 
there was expansion of the manufacture 
of textiles and other consumer goods. The 
use of steel for industrial purposes started 
less than a hundred years ago. The world 
production^ of steel was less than one 
million metric tons in 1870, and reached 
4 4m tons m 1880 and 28 m tons m 1900. 
In 1870 UK and Germany were producing 
about 200,000 tons per year and USA 
and Russia had just started. By 1880 UK 
and USA reached 13m ton and Germany 
reached this level in 1885, and France in 
1895. These countries were already indus¬ 
trialized and had a high level of living 
indicated by per capita income of from 
400 to 600 US dollars per person per year 
(at current dollars for 1955 and 1956) 
the time they reached the level of produc¬ 
tion of one million ton of steel per year. 
Health and education also were fairly well 
developed with the number of physicians 
ranging between 3 6 and 16 3 per ten 
thousand of population. Developments 
were fairly rapid from this time and USA 
reached 4 3m tons in 1890, Germany 4 m 
tons in 1895, UK 5 m tons in 1900 and 
France 4-7 m tons in 1913. During this 
period there was some further expansion 
of health, education and research which 
was broadly in accordance with the pre¬ 
vious trend. ^ An output of 4 or 5 million 
tons of steel per year usually makes a 
turning point in industrial progress. At 
this level it becomes possible to establish 
comprehensive manufacturing complexes 
of steel, heavy machine building and heavy 


iData on production of steel are given m Tatle 3 in tic Appendix. 

^Information on certain characteristics of development is given for selected countries in Table 1 in the 
Appendix. 
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electrical industries, and chemical engi¬ 
neering. 

Japan had started producing steel just be¬ 
fore the First World War and reached 
one million ton in 1923 when Japan’s per 
capita national income was still quite low 
and only 125 US dollars. Health and 
education in Japan were, however, as 
highly developed as in the advanced 
countries of Europe and America. Japan 
reached 4-9 m tons in 1935, that is in 12 
years. It is important to note that moder¬ 
nization in Japan had started about 90 
years ago with the Meiji Restoration with 
deliberate emphasis on health, education, 
scientific research and industrialization. 
Japan, for example, had made primary 
education firee and compulsory before UK 

Russia had reached the production of about 
one million ton of steel as early as 1895 
but was quite backward in education and 
health with 1 6 physicians per ten thousand 
of population and with only 3 percent of 
the population in primary schools. Owing 
to war, revolution and civil war, production 
in USSR had decreased to 0 6 m ton in 
1923, but recovered to 4 9 m tons in 1929 
by which time education and health had 
also developed in a remarkable manner 
approaching conditions prevailing in the 
more advanced countries at corresponding 
epoch. China started very recently with 
0 6m ton of steel in 1950 and rapidly 
reached 5 m tons in 1956 and 10 m tons in 
1958. 

Until recently industrial developments in 
India were taking place rather slowly 
and in a somewhat imitative way of the 
earlier history of industrial growth in 
Europe and America in which we can 
distinguish four layers or phases. On the 
top or the surface comes consumer goods 
which can be established fairly quickly 
with the help of imported machinery. 
The second layer is the production of 
electricity, steel and other metals; this is 
highly capital intensive and requires large 
imports of machinery and also an appreci¬ 
able amount of time. Next is the manu¬ 


facture of heavy machines, heavy electrical 
apparatus and chemical engineering (for 
the production ofindustnal raw materials). 
This usually requires a much longer time 
but, once established, would enable a 
large part of the capital and producer 
goods being manufactured out of domestic 
resources. Even more basic is the ex¬ 
pansion of health, education, science, and 
of scientific and technical manpower 
which takes practically a generation to 
mature. 

Following the above pattern only upto 
the first phase of consumer goods, India 
had become the second biggest producer 
of textiles in the world and had also 
developed the manufacture of other con¬ 
sumer goods without however establishing 
the basic industnes like metals, heavy 
machine building and heavy electncals 
In fact, in India the production of steel 
had remained basically at a little above 
the level of one million ton after nearly 
half a century of the beginning of the 
industry, although the country has very 
large resources of iron ore of the best 
quality. The economy was developing only 
very slowly on the basis of immediate 
demands and supplies without any long 
range view. Also, there was compara¬ 
tively little development of health, educa¬ 
tion, and science in relation to the size 
of the country and its population. 

Gains in the Second Five Year Plan 

There were important gains in the Second 
Five Year Plan which marked a radical 
break with the old way of thinking. It 
was realised that unemployment and 
poverty can be cured only through rapid 
industrialization. It was not enough to 
expand the production of textiles and 
consumer goods. It was necessary to 
increase the supply of energy and of 
machinery and tools of production to 
create more employment. It was realised 
that the only way to do this in a big 
country like India was to establish, as 
rapidly as possible, the basic steel, heavy 
machine building, and heavy electrical 
industries and chemical engineering. This 
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would make it possible to produce capital 
and producer goods of all kinds and thus 
expand industnal investments increasingly 
out of domestic resources This is the only 
way to secure increasing supplies of 
machinery and energy, with which we 
can create more employment and also 
can give the workers more machinery so 
that the total production in the country 
can rise rapidly. 

In India the highest priority must be 
given to the establishment and expansion 
of the basic industries Large investments 
in the basic industnes would, of course, 
give rise to an increasing demand for 
food, cloth and other consumer goods. 
In India it is possible and desirable to 
meet this demand by setting idle hands 
to work in the traditional way or in 
small scale industries to produce con¬ 
sumer goods and other necessities as much 
as possible. This would also create much 
employment all over the country. 

It was appreciated that, in India the 
production of an agricultural surplus is 
the key to industnalization It is not only 
essential to grow enough food and fibres 
for our own requirements but it is also 
necessary to produce a surplus in the 
form of either industrial or food crops. 
In India agriculture and manufacturing 
industries are completely interlocked Eco- 
nonuc progress depends on the advance 
of both Advance of one step in agri¬ 
culture would supply food and raw 
materials for advance of one step in 
manufacturing industries which again, in 
Its turn, would speed up irrigation and 
increase the supply of fertilizers and 
pesticides and help in the promotion of 
scientific research, which would lead to 
further advances in agriculture. The im¬ 
portance of the scattered or diffused phase 
of production, both in agriculture and in 
traditional and small scale industries, was 
broadly appreciated. It is also being in¬ 
creasingly realised that land reform and 
the organization of village co-operatives 
are urgent and essential needs for in¬ 
creasing agricultural production. 


The Second Five Year Plan accepted the 
above strategy of economic development 
in a general way. It was decided to expand 
steel production to about 5 million tons; 
to give high priority to atomic energy; 
to establish a heavy machine building 
industry and the manufacture of heavy 
electricals; and also to develop prospect¬ 
ing for oil exploration and to establish 
oil refineries of our own. India would 
be now able to start developing large 
manufacturing complexes. 

There were, however, gaps and set-backs 
also An acute shortage of foreign currency 
occurred in the very first year of the 
Second Plan which m my opinion was 
not inescapable but was largely due to 
lack of adequate tools and instruments 
of planning and also pardy to lack of 
proper appreciation of the strategy of the 
Second Plan. The shortage of foreign 
currency created great difficulties. I dis¬ 
cussed this question in my Anniversary 
Address last year The remedy is in our 
own hands because in India we can 
manufacture capital and producer goods 
increasingly out of our own domestic 
resources, once the basic industries are 
established and developed Therefore the 
only 1 adical cure of the shortage of foreign 
currency would be by building up the 
basic industries as rapidly as possible. 

Foreign aid, especially in the form of 
long-term loans for capital goods and 
technical personnel, would be of critical 
importance at the stage of what PMS 
Blackett has called “assisted take of” in 
industrialization. Indefinite reliance on 
foreign loans is neither possible nor 
desirable A continuing stream of short¬ 
term financial loans from abroad would 
not be of much help in the long run and 
may make the position worse. The chief 
source of capital formation must be 
domestic savings Fortunately, the need 
of raising more resources is admitted and 
gradually action is being taken in this 
regard. One notable advance was the 
acceptance of the principle of an ex- 
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penditure tax together with a tax on 
wealth. 

In the highly developed countries of the 
West, taxes on commodities are usually 
looked upon as “regressive” as being a 
burden on the poor. Pubhc enterprises 
are also expected to be run on a no-loss 
no-profit basis. Fortunately our outlook 
is changing and it is being realised that 
in an underdeveloped country like India 
excise and customs duties, purchase tax 
on commodities or a levy on services 
would be convenient and adaptable 
methods to raise resources. It is also 
agreed in principle that public enter¬ 
prises should earn and contribute in¬ 
creasing returns for purposes of national 
development. 

It is encouraging that the question of 
scientific and technical manpower is re¬ 
ceiving increasing attention. The subject 
is being studied at a technical level in 
the Division of Perspective Planmng in 
the Planning Commission. A Standing 
Committee of the Cabinet has been set 
up for manpower; and administrative 
units have been established in the Central 
Government and in the States. 

Weaknesses in planning 

The Second Plan, no doubt, has been a 
great step in advance. It has set produc¬ 
tion forces in motion which cannot possibly 
be reversed without disaster. There are, 
however, serious gaps and weaknesses. 

Review of industrialization has shown that 
there is a close connexion between eco¬ 
nomic development and progress in health 
and education. (Some relevant data 
for both developed and underdeveloped 
countries have been given in Table 2 
in the Appendix). In West Europe and 
America there was simultaneous progress 
of industries and hezJth, education and 
science. In Russia, before the first World 
War, the production of steel had reached 
5 million tons but there was little progress 
in health and education; and there was 
revolution. In USSR, China and other 


socialized countries and also in Japan 
great emphasis was and is being given 
to progress in health, education and 
science pari passu with industrialization 
India would soon reach the critical level 
of steel production of 5 million tons but 
is still backward in health, education and 
science. 

Before considering these three points in 
some detail I shall refer to another dis¬ 
turbing aspect of the present situation, 
the steady increase in unemployment 

Increase in unemployment 

We do not yet have in India any regular 
reporting of unemployment. Some indica¬ 
tions are however, available from trends 
in the number of applicants in the Labour 
Exchange Registers in India for which 
some data are given in Tables 4 and 5 
in the Appendix. It is disturbing to note 
that the total number of persons register¬ 
ing in these Exchanges had more than 
doubled in five years between January 
1953 and December 1957. It is also worth 
noting that the Labour Exchanges can 
find employment for only a very few, 
and the average number of applicants for 
each notified vacancy increased steadily 
from 23.3 in 1953, year by year, to 33 
in 1957. Also as all notified vacancies 
were not filled by applicants recommend¬ 
ed by the Labour Exchanges, the number 
of applicants for each effective placement 
was nearly 40 in 1947 and had steadily 
increased to nearly 51 in 1957. That is, 
the Labour Exchanges can find employ¬ 
ment for only two persons or less out 
of every hundred applicants, on an average. 
This is not a criticism of Labour Ex¬ 
changes but simply an indication of the 
heavy back-log of unemployment. 

This back-log differs in different occupa¬ 
tional categories for which some informa¬ 
tion is given in Table 4. The ratio of 
applicants to effective placements in¬ 
creased in practically all categories except 
in “others”. The greatest relative increase 
occurred among those seeking “educa¬ 
tion,” “clerical” and “unskilled” jobs. In 
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1957 there was only one effective place¬ 
ment for 36 applicants seeking educational 
posts; and one for 75 seeking clencal or 
unskilled jobs It is clear that the size of 
the second plan was not big enough to 
absorb the fresh seekers of employment 
who joined the labour force through the 
growth of population. A much bigger 
plan is essential to get rid of the fear 
of unemployment. 

In my Anniversary Address last year I 
gave some information on unemployment 
and underemployment obtained through 
the National Sample Survey I explained 
the difficulties of measuring underemploy¬ 
ment and stated that there was scarcely 
any doubt that 10 or 12 million persons 
m India were unemployed or severely 
underemployed and that this figure might 
rise to even 25 or 30 million if considera¬ 
tion extended to those who were sitting 
idle for more than half of their normal 
working time I had drawn attention to 
the fact that about 10 per cent of educated 
persons (matriculates and above) were 
probably unemployed, and that this num¬ 
ber was likely to rise. The evidence from 
Labour Exchanges would seem broadly 
to corroborate this. 

It is clear that the Second Five Year 
Plan has not succeeded in absorbing, in 
sufficiently large numbeis, the new seekers 
of employment. It is also likely that 
unemployment is continuing to increase 
among educated persons especially in 
urban areas This is a disturbing sign 
The only conclusion to be drawn is that 
the Third Five Year Plan must be much 
bigger in size than the Second Five Year 
Plan It would be remembered that in 
the Second Five Year Plan it was visua¬ 
lized that net investments should reach 
Rs. 9,900 crores in the Third Plan. Let 
us round off the figure, and adopt 
Rs. 10,000 crores as the target for 
investment in the Third Five Year Plan. 

Health 

Health, education and research have 
indeed a dual role. These are no doubt 


significant constituents of the level of 
living and, in this sense, aie fruits of 
national development. On the other hand, 
advance of health, education and research 
are of basic importance in bnnging about 
industnal and social progress I shall first 
consider health. 

In India at present there are about 70,000 
physicians of whom a little less that a 
half are trained at the University level 
and about 37,000 are licentiates with 
four-year training in junior medical 
schools. The distribution of doctors by 
level and qualification and state of 
residence in 1954 are given in Table 6. 
The number of doctors in India as a 
whole is about 176 per million of popula¬ 
tion or one physician for about .5,700 
persons on an average The number 
however varies widely from one state to 
another, from over 600 per million (or 
one for 25,000) in Rajasthan and Manipur 
What is, however, much more serious is 
that most of the doctors reside in urban 
areas; and the total number of doctors 
residing in rural areas (with a population 
of about 330 million) may be below 10,000 
that is, only one doctor for 30,000 persons 
or more on an average In some rural 
areas it is known that there is only one 
qualified doctor for 50,000 oi 100,000 
persons 

An important committee on health and 
medical care (popularly known as the 
Bhore Committee from the name of its 
Chairman) stated in the foreword to its 
report submitted in 1946 that “no individual 
should fail to secure adequate medical care 
because of inability to pay for it”. This 
Committee had prepared a long-term 
programme most of which still remains 
unimplemented. 

There is no difference of opmion regarding 
the desirability of providing medical care 
to all who need it In India, unfortunately, 
in some respects we are still at the stage 
of a somewhat superficial imitation of the 
most advanced countries of Europe and 
America. Junior medical schools were 
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percent of households 

cumulative percentage of expendituie on 

medical services 

medicine 

USA^ 

1950 

India® 

1955 

India® 

1952 

India® 

1955 

(1) 

(2) 

(3) 

(4) 

(5) 


percent share of expenditure* 

bottom 10 per cent 

5 

0 1 

1 

1 

(lower half) 50 ,, 

37 

6 

9 

8 

top 10 5 , 

19 

64 

45 

56 


‘ USA 1950' Studies on Consumer Expenditure, 1950, Vol VIII (Umversity of Pennsylvania) 

® India 1952: National Sample Survey: 4th Round; April-September 1952; All-India (Urban). 

® India 1955 National Sample Survey: 9th Round, May-November 1955 All-India (Rural) 

*J{ote • The classification is by size of income of households for the USA 1950 data, by size of expenditure 
of households for India 1952 data; and by size of expenditure of persons for India 1955 data 
The American and Indian results are therefore not comparable m a completely rigorous way but the 
broad picture is clear. The expenditure on both medicine and medical services are far more concentrated 
in India showing that it is only the very few rich who can afford to pay for medicine and medical services. 
The two series for India 1955 have been, however, classified m the same way; and show that the distri¬ 
bution of expenditure on medical services is relatively more concentrated, that is, medical services are 
even more scarce than medicine in rural areas of India 


abolished after independence on the view 
that our countrymen cannot be allowed 
to have anything less than the best And 
yet to provide a sufficient number of 
university trained doctors and adequate 
hospital and medical services upto the 
standard of the rich countries of the 
world is absolutely impossible at present 

Doctors and drugs are both extremely 
scarce in India Doctor’s fees and the 
price of drugs are also high which keep 
these beyond the reach of most people 
The extreme inequality in the distribution 
of expenditure on medicine and medical 
services can be appreciated from the 
relative share of expenditure on these 
items, shown below (and also from the 
Chart in the Appendix) for the bottom 
ten per cent, the lower half, and the top 
ten per cent of all households. 

The above Table gives some similar figures 
for urban areas in USA in 1950. Looking 


at the first line of the table it is seen that 
the bottom ten per cent of American 
households share five per cent of the total 
expenditure on medical services incurred 
by all households, the corresponding share 
of the bottom ten per cent of rural house¬ 
holds in India is negligibly small and only 
about 0-1 per cent From the second line 
it is noticed that the lower half of 
American households share 37 per cent 
of the total expenditure while the Indian 
households share only 6 per cent of the 
total We may also look at the top. Ten 
per cent of the households at the top in 
America take a share of 19 per cent of 
the total while the corresponding Indian 
households at the top have 64 per cent 
or nearly two-thirds of the total expendi¬ 
ture on medical services. The position is 
almost as bad in the case of medicine. 
In India the lower half of rural house¬ 
holds share only 8 per cent of the total 
expenditure on drugsi, the corresponding 
figure for urban households being 9 per 
cent. 


^ Similar figures for the distribution of consumer expenditure on other items hke foodgrams, all food items, 
cloth, sugar, education, and medical services are given in Tables 12,13 and 14 in the Appendix. 
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It may be pointed out, at this stage, that 
in countries with free and universal health 
services like UK and USSR every person, 
in principle, receives essential medical 
services and medicine. In both countries, 
as private medical practice is permitted 
and drugs can be purchased in the 
market, some medical expenditure may 
be incurred by the rich on their own, 
but there is no discrimination between 
the rich and the poor so far as the 
medical care is available to the poor 
either free of charge or at a very small 
cost. 

I should like to make a few suggestions 
for consideration for the Third Five Year 
Plan Firstly, I think it would be wise 
to reintroduce training extending over, 
say, 3 years for a junior type of doctor 
or auxiliary health workers who would be 
prepared to serve in villages for a modest 
allowance of say something like Rs 1,000 
per year with permission for private 
practice within certain limits The train¬ 
ing cost would be possibly one-fourth or 
one-fifth of that of a fully qualified 
doctor The pay or allowance would also 
be one-fifth or even less of the pay which 
would have to be given to a university 
level doctor The cost of training and 
maintaining a junior doctor may be thus 
five times cheaper 

The organisation of medical teaching at 
a junior level would also be feasible on 
a much larger scale than at the university 
level. There are about 400 distnct hos¬ 
pitals, which, with some additional facili¬ 
ties, can serve as training centres for 
junior doctors; and which, on an average, 
may be able to turn out 25 trained persons 
each per year which would supply 10,000 
junior doctors per year after the scheme 
is in full operation. This would make it 
possible to have, one junior doctor for 
a group of ten villages in roughly half 
a million villages in eight or ten years 
One fully qualified doctor may be placed 
in charge of about five junior doctors; 
and should be able to give some attention 
to the more difficult cases. 


The cost of providing hospital and other 
health services would also have to be 
brought to a level which the country can 
afford The cost of construction standard 
and specifications which would be appro¬ 
priate for a poor country like India; 
and, secondly, by improving the efficiency 
of public construction It is also necessary 
to develop rapidly the manufacture of 
drugs and medical goods, and also to 
establish factories for the manufacture of 
machinery for this purpose There, is of 
course, need of more systematic research 
for a fuller exploitation of our own natural 
resources for medical and health purposes. 

Finally, it seems to me it would be very 
wise to initiate a truly national health 
service, even if this be in a skeletal foim, 
dunng the third plan period The em¬ 
phasis in the first instance should be on 
establishing a large number of small 
village units which would provide essential 
medical and health service to the villages 
and also serve as family planning centres. 
This IS the only way in which there would 
be any real chance of promoting birth- 
control effectively This is a matter of 
great importance and urgency 

Education 

India is backward in education geneially 
Some comparative information is given 
in Table 7 for selected countries In most 
advanced countries there is practically no 
illiteracy, and in China also the position 
IS improving rapidly India is still far off 
from universal and compulsory primary 
education. In India the number of 
illiterates (including both males and fe¬ 
males) was 83 5 per cent of the population 
according to the Census of 1951 The 
National Sample Survey indicated that 
there was only a slight reduction of 
ilhteracy to 82 5 per cent of the popula¬ 
tion as a whole in 1955 The number of 
students in primary schools in India was 
about 60 per 1000 of population in 1956 
against 87 in China in 1955, 144 in Japan 
in 1956, 125 in USSR, and 154 in USA. 

The position is quite different at the 
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secondary level. India had 23 students 
per 1000 of population at the secondary 
level in 1956 which was three times 
higher than the corresponding figure 7-4 
m China in 1955, Also, the Indian figure 
does not compare too badly with 38 in 
USSR in 1957-58 or 48 in USA in 1955. 
The number of students in the university 
and equivalent levels in India is re¬ 
markably high with a rate of 1-8 per 
1000 of population which can compare 
favourably with 0 5 in China, l-G in UK, 
or 2-5 in West Germany and 3 5 in 
France, 

This structural difference in education 
comes out even more clearly if we adopt 
the number of primary students as the 
base for comparison For every thousand 
students in the primary stage, India had 
about 384 at the secondary level in 1956 
which was much higher than the corres¬ 
ponding proportion of 84 in China, and 
also higher than the proportions in France 
(264), USSR (300), and USA (312). The 
number of students in the univerity and 
equivalent levels per thousand students in 
the primary level is also very high in 
India and was about 30 against 5 or 6 
in China, 15 in UK, 26 in West Germany, 
31 in France and 47 in Japan Only USA 
and USSR have higher proportions. 

The above comparisons bring out several 
points. India is weakest at the primary 
level and is far behind China and all 
advanced countries of the world, India 
has a much stronger position at the 
secondary level on a population basis. 
If however, the number of primary stu¬ 
dents is used as the base for comparison 
then India has proportionately larger 
numbers in the secondary schools than 
most advanced countries of the world 
including USA and USSR. At the uni¬ 
versity and equivalent levels, also, India 
has a higher proportion of students than 
UK and has a proportion of the same 
order as Germany or France on the basis 
broadly of both population and of the 
number of students at the primary level. 


It is important to note that higher educa¬ 
tion in India has been expanding quite 
rapidly in recent years. Some relevant 
information is given in Table 8 which 
shows the enrolment of students by level 
of education, subjects, and sex in 1950-51 
and 1956-57, It can be seen from this 
table that the total enrolment at higher 
levels (from intermediate to post-graduate 
and equivalent courses) was about 400,000 
in 1951 and increased to about 780,000 
in 1956-57, that is, the number had almost 
doubled in six years It can be further 
noted that the largest increase had taken 
place at the intermediate level. On the 
whole, there was relatively greater ex¬ 
pansion in arts, commerce and law 
compared to science and technology in¬ 
cluding medicine and veterinaries. 

The out-turn of qualified persons in India, 
at intermediate and higher levels also 
showed a large increase and, more or 
less, kept pace with the increase in 
enrolment Relevant data for the period 

1951- 56 are given in Table 9 in the 
Appendix There was, however, a good 
deal of wastage. On the whole, only 
about half the candidates who appeared 
at the examinations at the higher (univer¬ 
sity and equivalent) levels succeeded in 
passing these examinations. The propor¬ 
tion of successful candidates was the 
lowest at the intermediate stage (between 
42 and 46 percent). Relevant figures on 
number and percentage of successful 
candidates are given in Table 10. Large 
percentages of failure give rise to much 
frustration and to much waste of time, 
money and effort. 

Some interesting information can be 
obtained by examining the number of 
students in higher courses in proportion 
to the number of matriculates for which 
relevant statistics are given in Table 11. 
It can be noticed from this table that for 
every 10,000 students who matriculated 
in 1952, about 6,750 had enrolled for 
courses at the intermediate level in 

1952- 53 out of whom about 4,400 suc¬ 
ceeded in passing the appropriate exami- 
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nations at this level in 1954. The enrol¬ 
ment at the degree levels was 3,319 in 
1954-55, and the number receiving degrees 
two years later in 1956 was 2,364. The 
enrolment in post-graduate courses in 
1956-57 was 1,552. It may be noted that 
for every 10,000 candidates who had 
matriculated in 1952 only 2,920 or less 
than 30 percent took up courses in science 
and technical subjects at the intermediate 
level; and less than 12 per cent proceeded 
with courses in science, technology, agri¬ 
culture, medicine and veterinary at the 
degree stage. Finally, only 156 or less 
than two percent took post-graduate 
courses in science and technology The 
educational base is poor for a rapid 
expansion of scientific and technical per¬ 
sonnel at higher levels. 

Higher education in India developed to 
a great extent in a somewhat imitative 
way on the British pattern Social and 
economic conditions are however entirely 
different in India. Academic ideals which 
are realisable in the UK sometimes nece¬ 
ssarily degenerate into superficial imitation 
and window dressing. Indian colleges often 
have very large numbers of students who 
are not adequately prepared for higher 
education. University and college teachers 
are poorly paid and are often obliged to 
do a good deal of part-time outside work 
Classes are very big, and library and 
laboratory facilities are often poor. It 
IS not surprising that conditions of work 
in the universities are not entirely satis¬ 
factory. 

In the advanced countries of the world 
there are usually good opportunities for 
productive employment for the students 
who come out of universities and other 
higher institutions. In India the position 
is entirely different. Only a very small 
proportion receive vocational or pro¬ 
fessional training. A very large number 
receive what is called general education 
which does not make them fit to under¬ 
take any particular productive work. As 
I have already mentioned, unemployment 
among educated persons in India is 


increasing. This is creating a great deal 
of frustration and discontent. The greatest 
weakness in India is the lack of an organic 
relation between the system of education 
and national needs for economic 
development. 

A radical reform of the educational 
system is a most urgent next step in plan¬ 
ning. It is necessary, to turn out an in¬ 
creasing number of suitably trained per¬ 
sonnel to meet the increasing demands of 
an expanding economy. The first thing in 
education must therefore be to give 
appropriate vocational and professional 
training which would make graduates of 
higher educational institutions qualified 
to undertake productive work of one kind 
or another This is not in any way in¬ 
compatible with what is called general 
culture. In fact, the two can very well go 
together. Dr Zakir Hussain in his Patel 
Memorial Lectures has recently given a 
most illuminating exposition of this theme 

Planning for socialism 

At this stage it is desirable to recall that 
in India socialism has been declared to be 
the goal of economic policy It is quite 
proper not to try to give any rigid defini¬ 
tion. And yet it is essential to have some 
clear understanding in this matter as a 
guide to action In USSR, China and 
other countries in which socialism of one 
form or another has been already esta¬ 
blished, planning is considered to be an 
essential requirement for economic and 
social progress; and the aims and objec¬ 
tives of planning are settled in accordance 
with the principles of socialism in the 
accepted form. In other words planning in 
the socialized countries is an instrument of 
socialism. In India the position is different 
Socialism has been accepted as the aim 
but has not yet been established. It is, 
therefore, important to examine the rela¬ 
tion between planning and socialism. 

Many different ideas have been associated 
with the concept of socialism in different 
countries and at different times. I shall 
select three ideas which have special 
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relevance to our problems. The first is 
rapid economic development through full 
utilization of the resources of the country. 
Tins was the object for which planning 
was established in India and should 
continue to receive full attention. The 
second idea I should like to mention is 
removing progressively large disparities in 
wealth, income and power, and the third 
is fostering equality of opportunities of all 
kinds for all the people of India. 

The distribution of wealth, income and 
privileges is extremely unequal in India. 
The number of persons who pay income- 
tax is of the order of five lakhs or half a 
million.^ Multiplying by five, (which is 
the average number of persons per house¬ 
hold) the total number of persons in 
families paying income-tax would be about 
2 5 million out of a population of nearly 
400 million or appreciably less than one 
percent The class which has some money 
and influence in India is thus extremely 
small and possibly forms not more than 
one or two percent of the whole popula¬ 
tion Facilities for education being both 
scarce and expensive, higher education is 
probably almost a monopoly of this pri¬ 
vileged class at the top. The inequality 
in the distribution of expenditure on edu¬ 
cational services can be seen from the 
accompanying Chart and Table 14 in the 
Appendix. The bottom 10 percent of rural 
households in India have a share of less 
than one percent of the total educational 
expenditure and the lower half (50 percent) 
of households shaied 11 percent only, 
while the top 10 percent have as much 
as 36 percent. Many poor people do not 
get even the opportunity to learn how to 
read and write. Many who complete the 
primary stage cannot join secondary 
schools; many who complete the secon¬ 
dary stage are unable to go to institutions 
of higher education on account of poverty. 
The same process of selection, on the 
basis of the income of the parents, con¬ 
tinues at all levels of higher education. 


Finally it is only the rich people who can 
send their children abroad for higher 
training and education 

Inequalities in medical care result in a 
larger number of deaths among the poor 
people. Inequalities in educational oppor¬ 
tunities have a deeper and more pervasive 
effect. It is true that some extremely able 
students succeed in securing scholarships 
up to the highest level but their number is 
very small. By and large, it is rich people 
who have the opportunity of giving their 
children the type of education required for 
posts of influence and responsibility in the 
country By and large, those having such 
training are selected for posts of respon- 
sibihty on the strength of their higher edu¬ 
cational qualifications. In this way the 
power and privileges of a small group of 
people at the top tend to be not only pre¬ 
served but strengthened. In both public 
services and organized private enterprizes 
practically all posts of influence and power 
are held by persons belonging to the same 
small pnvileged class This has created an 
influential group of people who naturally 
desire to maintain their privileged position 
and power. During the British period 
many of the influential people were not 
enthusiastic about the political change 
because they were afraid of losing their 
own privileges. In the same way it is not 
surprising that there are people in India 
today who are not enthusiastic about a 
rapid economic progress out of a similar 
fear of losing their privileges and power 
It is necessary to remove barriers to edu¬ 
cational opportunities to overcome such 
difficulties. This is the only way in which a 
sound foundation can be laid for demo¬ 
cracy and socialism in India. 

Educational reform 

The only real remedy is to make education 
entirely free and also to ensure that no 
deserving student would be deprived of 
educational opportunities on account of 
poverty. It is no doubt necessary and 


^ The actual number depends on the level of income at which income-tax becomes chargeable; this level 
has fluctuated between Rs. 2,500 and Rs. 4,200 per year in recent years. 
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desirable to do this at all levels of educa¬ 
tion; but It may be too difficult a task to 
undertake immediately. As a first step, 
it is suggested, that this reform should be 
carried through at the university and 
equivalent levels during the period of the 
Third Five Year Plan This would call for 
several types of action Firstly, all fees at 
the university level would have to be 
abolished by increasing the direct con¬ 
tribution from Government by an equal 
amount. Secondly, enough financial assis¬ 
tance would have to be provided by 
Government to enable every deserving 
student being maintained during the 
whole period of his study in higher edu¬ 
cational institutions Thirdly, selection for 
admission to higher education would have 
to be made entirely on merit Fourthly, it 
would be desirable to institute evening 
classes, correspondence courses, and ex¬ 
ternal examinations on a large scale to 
provide opportunities for higher education 
to those who are unable to attend the 
day-classes and also to maintain a policy 
of open door as a safeguard against 
rigidities and defects which may develop 
within a strictly controlled system of ad¬ 
missions Finally, it would be desirable to 
initiate a scheme for constructive work for 
the nation which would be obligatory for 
one or two years for all students who are 
admitted to higher educational institutions 
or who graduate from such institutions 
This is not the occasion to give any detailed 
scheme but it may be useful briefly to 
consider some of the implications of the 
above proposals 

We have seen that total enrolment in 
higher education had nearly doubled in 
SIX years and was about 780,000 in 1956-57 
The direct expenditure on higher educa¬ 
tion was about Rs 293 million (Rs 29 3 


crores), out of which about 42 percent or 
Rs 120 imlhon (Rs 12 crores) came from 
students^ fees.^ The number of students 
during the Third Plan period would no 
doubt be higher. If expansion continued 
at about the same rate, the number in 
the middle of the Third Plan Period may 
reach a million and a half It may not be 
however necessary or desirable to allow 
such an increase in future, and we may 
provisionally accept a target of one million 
students in higher education in the Third 
Plan but also keep in mind a million and 
a half For one million students, the Govern¬ 
ment grant in lieu of fees would come to 
about Rs 16 crores, and for a million and 
a half to about Rs 44 crores per year at 
cuirent rales and prices 

As regards financial assistance for main¬ 
tenance, at the rate of Rs 300 or Rs 400 
per year per student on an average, the 
cost would come to Rs 30 or Rs 40 crores 
per year for one million students I have 
used average figures because it would be 
quite reasonable to adopt something like 
a ‘‘means test” so that the amount of the 
stipend would depend on what assistance 
the parent would need to maintain the 
student without any strain Secondly, 
stipends of a larger amount may be 
offered as incentive to attract students to 
science and technology or other suitable 
subjects and also to post-graduate course 
The total cost may be of the order of 
Rs 50 or Rs 60 crores per year If the 
Third Plan succeeds in raising the national 
income by five percent per year (and this 
is about the lowest safe limit) then the 
additional income generated would be 
at least of the order of Rs 600 crores per 
year or more out of which there should 
not be any difficulty in providing the 
above expenditure.® 


^ Compared to a fee income of 42 percent of the total expenditure in India the income from fees at the 
imiversity level is less than 11 percent in UK and is about 8 percent in the land-grant insututions many 
of which are the great State universities of USA. 

* It is appropriate at this stage to point out that the proposals to abolish all fees in higher education and 
to award maintenance stipends out of government funds would merely involve a redistribution of the 
national income; and should not, in principle, cause any additional strain on the economy as a whole. 
It would be necessary, of course, for Government to raise the required amoimt through additional 
taxation or in other ways. But, in principle, the amoimt which was being spent by the parents of the 
students would be set free and would be available for either savings or consumption. In other words, 
there would be no additional call on physical resources. 
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Selection for admissions on merit is indeed 
a formidable task, but I venture to think 
it is not beyond our capacity if we call 
science to our aid. The objects of the 
admission test must be clearly defined, 
and attempts must be made to maintain 
uniform standards throughout the country 
I shall make a few suggestions to serve as 
a basis for further discussions It may be 
desirable to try to assess such aspects of 
the candidate’s qualification, for example, 
as (a) his content of knowledge in appro¬ 
priate subjects, (6) his ability to search 
and compile relevant information from 
books and written materials, (c) his capa¬ 
city to organize his knowledge and convey 
his ideas in a clear way in a wntten form, 
or (d) his skill in manual or technical work 
or ability to make scientific observations 
or experiments. These are all amenable 
to assessment on a more or less objective 
basis. For example, modern objective tests, 
in which a canidate has only to indicate 
his choice between different alternative 
answers, can be used in testing knowledge 
in a standardised manner throughout the 
country. The ability to compile and collect 
information from given books and mate- 
nals can also be standardised at different 
levels of difficulty The ability to convey 
in a coherent form his knowledge and 
ideas can be tested by asking the candi¬ 
date to prepare written notes on the basis 
of material given to him or to be collected 
by him from given books and papers. 
His power of expression can be tested by 
the usual type of free essay for which 
several hours can be allotted. Some kind 
of practical work or experiments can also 
be made a part of the examination 

I should like to mention that, in my 
opinion, modern statistical methods can 
be very used effectively to select a required 
number of questions for any particular 
paper out of a given “universe of questions” 
in a random manner and at the same time 
to maintain assigned levels of difficulty 
and subject coverage within prescribed 
limits with objective certainty. This would 
have two advantages It would enable 
uniform standards being maint ained 


throughout the country and from year to 
year. I would also permit almost infinite 
variations in the content of individual 
question papers so that copying from an 
answer book can be made practically 
impossible. Furthermore, with the help of 
modern electronic computers it would be 
possible to mark the objective type of 
papers very quickly and accurately. 

I may also explain that the test for 
admission need not be one single examina¬ 
tion but may very well be different exami¬ 
nations for different groups of subjects 
For each examination it would be, how¬ 
ever, necessary to maintain as uniform 
standards as possible over the whole 
country. To maintain parity or equi¬ 
valence of standards between different 
examinations would be technically a more 
difficult task However in pnnciple, it is 
not absolutely necessary that the quality 
of the candidates should be the same in all 
subjects If there is greater competition 
m certain subjects it is likely that such 
subjects would attract candidates of a 
higher quality on an average This need 
not be prevented. 

One great advantage of the proposed 
system would be that it would be possible 
to regulate admissions to particular sub¬ 
jects in accordance with social needs and 
opportunities of employment which are 
likely to be available to the students after 
graduation. In this way admission to higher 
education would be geared to future 
requirements of trained manpower. 

It would be of advantage in many ways 
to institute evening classes, correspondence 
courses and external examinations to 
offer fuller opportunities for higher educa¬ 
tion. Correspondence courses are being 
used very extensively in USSR apparently 
with great success; and it would be possible 
to take advantage of Soviet experience. 
Arrangements may have to be made for 
laboratory or other institutional work for 
prescribed periods or during vacations. 
All this would, of course, call for much 
organisational effort and experimentation 
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which woiild offer scope for much employ¬ 
ment of persons with higher education. A 
standard system of external examinations 
(including practical work or tests as neces¬ 
sary) would keep the door open for every 
one and would be a safeguard against 
abuses developing within a closed system. 

National service 

If the State undertakes to make education 
available at its own expense to all deserv¬ 
ing students then it would be entirely 
proper to ask the students to undertake 
productive and constructive work for the 
country for one or two years The main¬ 
tenance stipend would be continued or 
can be increased in suitable cases during 
this period In many countries of the 
world a period of service in the armed 
forces is compulsory In India, instead 
of conscripted service in the defence forces, 
we may think of a period of obligatory 
service in peace camps or in a peace force 
for constructive work. 

It would be probably convenient to ask 
the students to put in their prescnbed 
period of service immediately after their 
graduation. This would supply every 
year a large number of highly trained 
persons who would be able to undertake 
productive work of various kinds. This 
would be direct gain to the nation. For 
example, it would be possible to use a 
large number of such students to do teach¬ 
ing work at different levels all over the 
country. The medical graduates can help 
in bringing medical care to the villages. 
For the trainee himself it would be a 
valuable period of apprenticeship training, 
something like the “internee” work in 
hospitals by medical graduates, and would 
be of help in their finding employment 
suited to their training and aptitudes. The 
most valuable aspect of the peace camps 
or peace forces, if I may use this phrase, 
would be the bringing together of young 
persons from widely differing types of 
families in a comradeship of active work 
for the coimtry. This would be an effective 
way of promoting the spirit of democracy. 


241 

Although I have spoken of students joining 
the peace camps or the peace force after 
graduation from higher institutions of 
education it is also possible to have “world 
schools”, as Dr Zakir Hussain has called 
them, for students before they come to 
the University In USSR a new policy 
has been adopted of asking all students to 
work for at least two years from the age 
of 15 before they are admitted to institu¬ 
tions of higher education. Various possibi- 
hties are thus open The really important 
point IS to accept the principle that a 
prescribed period of service in a peace 
force for say two years at some stage or 
other would be an obligatory requirement 
for all educated persons. 

Science and research 

The importance of science and technology 
for national development has been lecog- 
nised m India, in principle, since in¬ 
dependence. It cannot be said, however, 
that progress has been entirely adequate 
or satisfactory. There is urgent need of 
levels. Much improvement is also needed 
in the organization of research There is 
no time to make a comprehensive review', 
and I shall make some brief obseivations 
on some selected aspects of the problem. 

Science is developing so fast that it is 
becoming incieasingly difllcull for teaching 
to keep pace with the advancement of 
knowledge. J D Bernal has recently pointed 
out that: 

“With a rapidly growing civilization, the 
young will year by year have more to 
know and also, will be required, by the 
new demands made on them, to know 
more.... Something must be done to 
simplify and reduce the amount of learning 
at every stage.... In the past with some 
reason, teaching was considered to be 
the passing on of known and established 
truths from one generation to the next.... 
But clearly, in a civilization where the 
whole basis of knowledge is expected to 
change several times in a generation, the 
passing on of established knowledge be¬ 
comes palpably inadequate and, also, 
from its ever increasing bulk, impossible. 
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It is lucky if most of what is taught is 
true, or supposed to be true, at the time 
it is taught. It is certain that it will no 
longer be considered true by the time 
those who are taught are half-way through 
their lives. What is needed, therefore, is 
a different and lightened content of educa¬ 
tion. The emphasis will be on discovery 
rather than knowledge. It will be, not 
so much the passing on the established 
truths, as showing the way to criticize and 
discover new truths, in other words, 
the active part of the scientific method. 

Some serious thinking has been going on 
for some time in the Indian Statistical 
Institute on organizing an integrated 
course of science teaching in which 
emphasis would be given to develop the 
student’s skill in observation, counting, 
measurement, logical analysis and inter¬ 
pretation of the facts and the design of 
new experiments to test the working hypo¬ 
thesis One single set of observations and 
experiments may cover different branches 
of science, which, it is hoped, may give 
an integrated outlook on scientific method. 
It is no longer possible to have encyclo¬ 
paedic coverage of knowledge. The only 
possibility is to try to make an intensive 
and integrated study which would touch 
particular aspects of different branches of 
science. I have no time to elaborate these 
thoughts but it seems to me that it will be 
well worth making some expenments in 
this direction. 

It is essential to spread the teaching of 
science extensively at the school level 
without which it wUl be never possible 
to secure a sound foundation for advance¬ 
ment of science in India. Sir Alexander 
Fleck, in his presidential address to the 
British Association for the Advancement 
of Science in 1958 mentioned that in 
USSR children from 11 to 17 years 
devote 46 percent of their school time to 
science subjects. I am aware that it is 
not possible to approach this level imme¬ 
diately in India but we should keep some 


such target in view. Teaching of science, 
both in schools and universities, deserves 
serious attention by senior scientists. 

As regards the organization of science in 
Its wider sense, I have on other occasions 
pointed out that our own National Institute 
of Sciences is not very active Our Institute 
IS supposed to have responsibility of 
advising Government on scientific matters. 
In practice there is very little activity of 
this kind This I think is partly due to 
lack of clear ideas regarding what should 
be the proper function of scientific societies 
in the changing conditions of the present 
time; and also, I am sorry to say, partly 
due to lack of a sense of responsibility on 
our own part. I have made some sugges¬ 
tions in my Annual Review in 1958 and 
need not say anything more on the 
present occasion. 

I am a strong advocate of the public sector 
but this, in my view, does not mean con¬ 
centrating all activities in government 
departments On the contrary, m the 
scientific field, I think it is essential to 
build up and maintain truly independent 
scientific organizations which would be 
in a position to offer advice and construc¬ 
tive criticisms and suggestions to Govern¬ 
ment I have already mentioned that we 
ourselves have not been sufficiently serious 
regarding our own responsibilities. But 
I also think that the time has come for 
Government to give serious attention to the 
future structure of scientific organization 
and research in India not only within 
government but for the country as a whole. 

If I may put it in this way, the solution 
does not lie in officialising all scientific 
activities but gradually to make the scienti¬ 
fic organizations truly functional by trans¬ 
ferring to them real responsibilities and 
entrusting them with fruitful activities. 
The advancement of science requires 
proper recognition of scientists in the 
structure of society as a whole. In this 
connexion I may remind you that Sir 


^ J D Bernal; World Wiihout War, 1958, pp. 197-198. 
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Alexander Fleck has given a quotation 
from an administrator which went on 
record that “the place of the expert is 
not m the saddle but as the assistant and 
the adviser! The scientist must be on 
tap, not on top.” I can only say that the 
future of India depends on reversing the 


dictum of the administrator and recog¬ 
nising that the scientist must be on top 
and not merely on tap I have a deep 
conviction that scientist must supply the 
leadership in national development. It is 
necessary that they should take the 
initiative. 


Appendix 

Statistical tables 

Table 1; Some characteristics of development for selected countries 


country 

yeai 

population 
m million 
(10«) 

Steel pio- 
duction in 
million 
metric tons 
per year 

per capita 
national 
income 

US dollats 

physicians 
per ten 
thousand 
ot popu¬ 
lation 

school 
children 
perc en t 
of popu¬ 
lation 

(1) 

(2) 

(3) 

(4) 

(3) 

(6) 

(7) 


level of one million ton of steel per year 



1. USA 

1880 

50 

1-3 

635 

16-3 

19 

2. UK 

1880 

31 

1-3 

385 

66 

12 

3. Germany 

1885 

48 

1-2 

340 

36 

15 

4. France 

1895 

39 

0-9 

485 

39 

14 

5, Russia 

1895 

105 

0 9 

95 

1 6 

3 

6, Japan 

1923 

56 

1-0 

125 

7 7 

17 

7. India 

1955-56 

384 

1-3 

60 

1 7 

08 


level of 4 or 5 million tons of steel per year 



1. USA 

1890 

63 

4-3 

735 

15-9 

20 

2. UK 

1900 

38 

5-0 

560 

8-8 

16 

3. Germany 

1895 

54 

4-0 

430 

40 

17 

4. France 

1913 

39 

47 

550 

5-3 

14 

5. USSR 

1929 

147 

4-9 

95 

43 

8 

6. Japan 

1935 

69 

4-9 

195 

8-4 

17 

7. China 

1956 

608 

4-5 

70 

1-2 

1-6 

8. India 

1960-61 

408 

4-3 

72 

2*1 

1-0 


Compiled by the Planning Division, Indian Statistical Institute. 
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Notes on T&ble 1 

1. Figures of steel output are taken from Woytmsky and Woytinsky. World Population and Production^ for all 
countries except China and India, Chinese and Indian figures relate to finished steel and are respectively 
taken from Today^ 25 August, 1957, and SecondFtve Tear Plan, 1956 (India). 

2. For TJSA, UK. and Japan, population figures are taken from the Statistical Abstracts of the respective 
countries relating to different years. Figures foi Germany and France are obtained by interpolation from 
data given by Woytinsky and Woytinsky. Russian data relating to 1895 are obtained in the same manner 
while the figure for 1926 is from the Rational JEconomy of USSR. Chinese data are from unpublished official 
Chinese sources; and Indian data from the Second Ftve Teat Plan 

3. Data on number of school children for USA, Germany, UK and Russia are taken from the Encyclopaedia 
of Social Reform and Miulhall, JDtcttonary of Statzstics, French data relating to 1895 is from the Statistical Tear 
Book: National Institute of Statistical and Economic Studies, France, while for 1912-13, are from the International 
Tear Book of Statistics, 1920* Data for USSR and India are from sources given m (2). The figure for Japan 
is based on the Satistical Abstract of Japan, 1933 and the UFf Statistical Tear Book The Chinese figure is from 
the Report on Fulfilment of the Motional Economic Plan in 1955. 

4. The US figures for doctors are from the Historical Statistics of USA while those for UK are from the 
Professions by Garr-Saunders and Wilson. French data are obtained from Woytinsky and Woytinsky. The 
German and Russian figures are from Mulhall, Dictionary of Statistics and Woytinsky and Woytinsky, World 
Population and Production while the figure for USSR is from 40 years of Soviet Power. The Japanese figures are 
from the Statistical Abstract of Japan, 1933 and the UM Statistical Tear Book, 1949’-50. Indian and Chinese 
data are from sources indicated in (3). 

5. National income figures are roughly dimensional and are obtained from certain estimates at current 
dollars for 1955 or 1956 carried backward by index numbers of real per capita income. Some of these 
current estimates were considered in the Science and National Planning, Sankhya, September, 1958 

The index numbers used for USA are taken from data given in the Economic Report of the President, 1957', 
and the **L.ong-term Change in the National Income of the USA since 1870’* by Simon Kuznets, {Income 
and Wealth, Series II) The German figure is adjusted by series available in the Statistics of Mational Income 
and Expenditure, (UN Statistical Papers, Senes H), and the “Long-term Growth of National Income in 
Germany” by P. Jostock, {Income and Wealth, Series V). For the UK estimates, use has been made of data 
given by Prest, National Income of the UK, {Economic Journal, INfarch 1948) ; Phyllis Dean, Contemporary 
Estimates of National Income Nineteenth Century {Economic History Review, Vol 8, No 3 and Vol 9, 

No. 3) ; the Statistics of Mational Income and Expenditure {UM) and UM Sattistical Tear Book The French figuies 
are obtained^ on the basis of UN sources indicated above and a series of real output per working person 
given in Colin ^Clark: Conditions of Economic Progress. The figure for Japan is adjusted by data given in the 
Japanese Statistical Tear Book, 1957 while Chinese and Indian data relating to current period are taken from 
official sources. 
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Ti\k2tFopddm,mlmai mm, proktim of ski and ektriatj, md imkr of pkjmm mi knnaij sU students ij eouuims and pups of 
mtries about 1955-5S 


countnes 

popula¬ 
tion in 
millions 
(10') 

national 
mcome 
in US 
dollar 
billion 
(!«') 

production 


per capita 


physicians primary 
per ten school 

thousand pupils 
ofpopula- per thou- 
ton sand of 

popula¬ 
tion 

crude 
steelm 
million 
(10‘) 
metric 
tons 

electricity national 
bilhon mcome in 
(10«) USdollai 

bvh 

production 

crude 

steel 

(kg) 

electncity 

(kwh) 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 

( 7 ) 

( 8 ) 

( 9 ) 

(10) 

1. Umted States of America 

165 

341 

106 

629 

2030 

642 

3812 

132 

158 

2. United Kingdom 

50 

46 

20 

94 

900 

394 

1846 

16'7 

108 

3. Developed (sub-total)^ 

450 

566 

191 

1107 

1292 

436 

2527 

11-5 

132 

4. USSR 

200 

200 

45 

170 

1000 

226 

850 

14'9 

65 

5. China 

620 

44 

3 

12 

72 

48 

20 

1*2 

87 

6. Sociahzed (sub-total)* 

900 

278 

63 

298 

317 

72 

340 

59 

90 

1 Japan 

90 

21 

10 

65 

230 

105 

724 

105 

144 

8. Medium (sub-total)‘ 

350 

86 

13 

120 

259 

38 

360 

73 

116 

9. India 

380 

23 

2 

8 

61 

4-5 

21 

1-8 

54 

10. Underdeveloped (sub-total) 










excluding China 

900 

71 

2 

25 

80 

2 

28 

14 

65 

11. Underdeveloped includmg China* 1500 

114 

5 

37 

76 

3 

25 

1-3 

74 

12. World [3+6+8+10] total 

2600 

1002 

269 

1550 

39) 

106 

611 

55 

92 


Compiled by the Planning Division, Indian Statisucal Institute. Population and other figures have been lounded off dimensionally. 
%ludes developed countnes in North America, Euiope, Australia (as m list A). 

^Includes all socialized countnes (as m hst B). 

‘Includes Japan and medium developed countiies in Euiope and Latin America (as in list C) 

‘Includes underdeveloped countnes in Asia and Afiica (as in hst D). 
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N’otes o» Table 2 


List A {developed countries) : 

(I) Australia, (2} Austiia, (3) Belgium, (4) Canada, (5) Denmark, (6) France, (7) Fedeial Republic of 
Germany, (8) Finland, (9) Iceland, (10) Italy, (11) Luxembourg, (12) Netherlands, (13) New Zealand, 

(14) Norway, (15) Sweden, (16) Switzerland, (17) South Africa, (18) XJK, (19) USA. 

List jB {socialized countries) . 

(1) Albania, (2) Bulgaria, (3) Gzechosclovakia, (4) China, (5j German Democratic Republic, (6) Hungary, 
(7) Poland, (8) Rumania, (9) USSR, (10) Yugoslavia. 

List C (medium developed countries) • 

(1) Argentina, (2) Bolivia, (3) Brazil, (4) Costa Rica, (5) Cuba, (6) Chile, (7) Columbia, (8) Dominican 
Republic, (9) El-salvador, (10) Ecuador, (11) Greece, (12) Guatemala, (13) Haiti, (14) Honduras, (15) Ire¬ 
land, (16) Japan, (17) Jamaica, (18) Mexico, (19) Portugal, (20) Paraguay, (21) Peru, (22) Panama, 
(23) Puerto Rico, (24) Spam, (25) Turkey, (26) Uruguay, (27) Venezuela 

List I> {underdeveloped countries) : 

(1) Afghanistan, (2) Algeria, (3) Angola, (4) Burma, (5) Belgian Congo, (6) China, (7) Ceylon, (8) Came- 
loon, (9) Egypt, (10) Ethiopea, (11) French West Africa, (12) Ghana, (13) Hongkong, (14) India, 

(15) Indonesia, (16) Iran, (17) Iraq, (18) Isreal, (19) Kenya, (20) Lebanon, (21) Liberia, (22) Malay, 
(23) Morocco, (24) Mauritious, (25) Mozambique, (26) Madagascar, (27) Nigeria, (28) Pakistan, 
(29) Philippines, (30) Rhodesia and Nyasaland, (31) Saudi Arabia, (32) South Korea, (33) Syiia, 
(34) Thailand, (35) Taiwan, (36) Tunisia, (37) Tanganayika, (38) Uganda, (39) Vietnam, (40) Y^men. 

Sources : 

Columns (2), (4), (5), (9) and (10) are from the UN Statistical Tear Book^ 1956 

The Chinese population figure is taken from statistics prepared by the State Statistical Bureau of the 
People’s Republic of China (in Chinese). The Chinese figures for physicians and primary school students 
are from the statistics prepared by the State Statistical Bureau of the People’s Republic of China. 

The USSR figures for physicians and primary school students are from the data supplied by the Cential 
Board of Statistics of the USSR. 

The method of estimation of national income figures is explained generally in Sankhyd^ Vol 20 Parts 1 and 2, 
*‘Science and National Planning”. 


1 
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Xsuble 3 s Output of crude steel in million metric tons^for world and selected countries 


Year 

World^ 

United 

Kingdom 

United 

States 

Germany 

USSR 

Japan® 

China 

India 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

1870 

0 7 

0-2 

f 3 

0 2 

f 




1880 

4 4 

1-3 

1-3 

0 7 

0 3 




1890 

12*4 

3 6 

4-3 

2 2 

0 4 




1900 

28 3 

5 0 

10-4 

6 6 

2 2 




1910 

60 5 

6-5 

26-5 

13-7 

3-5 




1913 

76 5 

7-8 

31-8 

18 9 

4 8 

0 2 


f 

1918 

78*6 

9 7 

45-2 

15 0 

0-4 

0 8 


0 2 

1923 

78 5 

8 6 

45-7 

6 3 

0-6 

1-0 


0 2 

1929 

120-5 

9 8 

57-3 

16 2 

4 9 

2 3 


0 6 

1932 

50-7 

5 3 

13 9 

5 7 

5 9 

2*4 


0 bi® 

1939 

135 6 

13-4 

47-9 

22*4 

I7-b 

b-7 

0 5 

1-1 

1940 

142 9 

13 2 

bO 8 

19 0 

18-3 

h 9 

0 h 

1-3 

1944 

152-1 

12 3 

81 3 

18 0 

13 9 

5 9 

0 97 

1-4 

1945 

113 3 

12-0 

72 3 

0 3 

12 3 

2 I 

n a 

1 4 

1950 

188-7 

lb 6 

87 8 

12 U 

27 ^ 

4 8 

0 2** 

1 5 

1955 

269-1 

20-1 

106 2 

21 3 

45 3 

9 4 

2 9 

1-7 

1956 

282 6 

21 0 

104 5 

23 2 

48 6& 

11 1 

4 5‘» 

1 8 


^ one metric ton = 1‘1023 short tons 

2 Excludes China up to 1932 and 1944-50. 

3 f — less than 100,000 tons 
^ West Germany from 1950 

® USSR 1957 and 1958 figures are 51 and 
55 million metric tons respectively. 


* Includes Korea up to 1932 
Relates to 1943 

® Relates to 1949 

* China 1957 and 1958 figuies aie 5 3 
and 11 million metiic tons respectively 

i® Relates to 1932-33 


Compiled by the Planning Division,, Indian Statistical Institute, fiom 

(a) Woytinsky and Woytinsky: World Population and Production "Trends and Outlook (^New Yoik, 1953). 

\b) United Pfations Statistical Tear Book, 1957, 

(c) D G Zhimerin Economy of the Soviet Union, Past and Present (Moscow, 1958) 

\d') Pfews and Views from the Soviet Union (USSR Embassy, New Delhi, 18 Decenib< r, 1958) 

(e) China Today 25 September 1958, 10 January 1959 

(/) Report on Fulfilment oj the National Economic Plan of the People" s Republic of China in 1955 (with Statistical 
Summary). 

(g) Sastry A Statistical Study of Indias^s Industrial Development 

(h) Statistical Abstract, India 1927-28 to 1936-37 
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Table 4: Increase in live number on labom exchange registers in India in 5years: 1953'*57 



occupational 

category 

number on 
live-registei at 
end of month 

increase in 
five years 

monthly 
average of 
effective 
placements 

latio of 
applicants to 
effective 
placements^ 


Janudiy 

1953 

(131) 

Decem¬ 

ber 

1957 

(181) 

number 

percent 

1953 

1957 




(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

1. 

industrial 

supervisoiy 

4,317 

5,929 

1,612 

37 3 

180 

171 

2-1 0 

34 7 

2 

skilled and 
semiskilled 

46,539 

71,508 

24,969 

53 7 

2,247 

1,910 

20-7 

37-4 

3. 

educational 

6,625 

40,246 

33,621 

507 5 

401 

1,117 

lfi-5 

36 0 

4. 

clerical 

113,424 

267,757 

154,333 

136 1 

2,006 

3,594 

5r>*5 

74-5 

5. 

domestic service 

13,987 

32,018 

18,031 

128-9 

938 

1,141 

14-9 

28 1 

6. 

unskilled 

221,761 

460,639 

238,878 

107-7 

8,452 

6,178 

26 2 

74-6 

7. 

others 

27,775 

44,002 

16,227 

58 4 

1,230 

1,958 

22-6 

22-5 

8. 

all categories 

434,428 

922,099 

487,671 

1123 

154,54 

16,069 

28-1 

”>7 4 


^ That IS, col (8) =col (2)/col (6); and col (9) =col (3)/col (7) 


Table 5: Number on live register and number of vacancies and replacements: labour exchanges in India,!953-57 


all categories 



year 



1953 

1954 

1955 

1956 

1957 


(I) 

(2) 

(3) 

(4) 

(">) 

(G) 


1. monthly average of effective 


2. 

placements 

monthlv average of vacancies 

15,454 

13,538 

14,145 

15,821 

16,069 


notified 

21,392 

19,990 

23,377 

24,718 

24,766 

3. 

4. 

monthly average on Live Register 
number of applicants per vacancy 

477,575 

562,319 

647,109 

749,099 

816,280 

5. 

(row 3-~row 2) 

number of applicants per place¬ 

22-3 

28-1 

27-7 

30-3 

33-0 


ment (row 3-rrow 1) 

30-9 

41-5 

45-7 

47-3 

50-8 


Compiled in the Indian Statistical Institute from "A Study of Trends in the Number of Employment 
Seekers in the Year 1953-57.” (Ministry of Labour & Employment, DGR & E, September 1958), 
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Table 6 ; Distribution of doctors per million population by leosl of quedijications and stale of residence in 1954 



popula¬ 

tion 

number of doctors 

doctors per million 
(10®) population 

index 
with 
West 
Bengal 
= 100 

states 

1954 

(rmlUon) 

giaduate 

and 

post¬ 

graduate 

licen¬ 

tiate 

all 

graduate 

and 

post¬ 

graduate 

licen¬ 

tiate 

all 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

1 Andhia 

32 65 

2,025 

1,908 

3,933 

62 

58 

120 

19 8 

2 Assam 

9-59 

403 

2,281 

2,684 

42 

238 

280 

46 3 

3. Bihar 

40-07 

1,762 

3,302 

5,064 

44 

82 

126 

20-8 

4, Bombay 

5M5 

6,928 

6,044 

12,972 

135 

118 

253 

41 8 

5. Jammu & 

4 54 

32 

42 

74 

7 

9 

16 

2 6 

Kashmir 
h Keiala 

14 H 

83G 

845 

1,681 

“)« 

j8 

IIG 

19-2 

7 l\Liclhya 

?i ad( sh 

2(1«(» 

731 

1,191 

1,922 

28 

U 

72 

11-9 

8. Madias 

31 38 

2,959 

3,083 

(),042 

91 

98 

193 

31-9 

9, Mysors 

20 58 

1,100 

1,846 

2,946 

52 

90 

143 

23 6 

10, Oiissa 

14-94 

448 

800 

1,248 

30 

54 

84 

139 

11. Punjab 

16-63 

1,118 

1,915 

3,033 

67 

115 

182 

30 1 

12 Rajasthan 

16-74 

213 

454 

667 

13 

27 

40 

6 6 

13 Uttar Pradesh 

65-60 

3,244 

2,989 

6,233 

49 

46 

95 

15 7 

14 West Bengal 

27 41 

6,157 

10,434 

16,591 

225 

381 

605 

100 0 

1') Delh i 

1 93 

771 

468 

1,239 

399 

242 

642 

1061 

If). Himachal 

Pi adobh 

1-13 

31 

42 

73 

27 

37 

65 

10 7 

17 Manipur 

0-60 

3 

21 

24 

5 

35 

40 

6 6 

18. Tripura 

0-69 

31 

145 

176 

45 

210 

255 

42 1 

all India 

376-94 

28,792 

37,810 

66,602 

76 

100 

176 

29 1 

Source Perspective Planning Division, Planning Commission; based on Medical Registei 

:s 



Table 6E: Income andexpenditwc of Unwersitles and colleger in India: 1955-56 

type of institution 

recurring 

expen¬ 

diture 

(Rs, 

lakhs) 


source of income 
(percentage) 


type of expenditure 
(percentage) 

govt. 

grants 

fees 

endow¬ 

ment 

Others 

salary 

scholar¬ 

ship 

otheis 

(1) 

(2) 

( 3 ) 

(4) 

(5) 

(6) 

(7) 

(8) 

( 9 ) 

1. university teaching 

937 

49 

34 

2 

15 

25 

4 

71 

2. boards of education 

132 

1 

97 

— 

2 

— 

— 

100 

3, professional colleges 

700 

67 

23 

3 

7 

48 

14 

38 

4. general colleges 

1,040 

34 

56 

3 

7 

62 

14 

24 

5. intermediate colleges 

125 

39 

39 

7 

15 

68 

22 

9 

6 total higher 

2,934 

45 

42 

3 

10 

44 

10 

46 

in Rs. lakhs 

— 

1,320 

1,232 



1,291 

293 



Source • Education in India, Vol 1 1955-56. 
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Taible 7s Structure education: selected countries 



level of 
education 

USA 

1955 

USSR 

1957-58 

UK 

1954 

West 

Germany 

1956 

France 

1954 

Japan 

1956 

China 

1955 

India 

1955-56 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

1, 

population 










(m millions) 

165 

200 

51 

51 

43 

90 

608 

384 



number of students in 

thousands (OOO’s) 




2. 

primary 

25,458 

25,055 

5,484 

4,955 

4,921 

12,956 

53,126 

22,899 

3. 

secondary 

7,961 

7,511 

2,483 

3,668 

1,300 

8,063 

4,473 

8,789 

4. 

higher 

2,679 

2,100 

84 

127 

150 

610 

292 

681 

5. 

total 

36,098 

34,666 

8,051 

8,750 

6,371 

21,629 

57,891 

32,369 



number of students per 

1000 of population 




6. 

primary 

154-3 

125-3 

107-5 

97-2 

114-0 

144 4 

87 4 

59 6 

7. 

secondary 

48-2 

37-6 

48-7 

71-9 

30-2 

89-6 

7-4 

22 9 

8. 

higher 

16-2 

10-5 

1-6 

2 5 

3-5 

6-8 

0-5 

1 8 

9. 

total 

218 7 

173-4 

157-8 

171-6 

148 1 

240-4 

95 3 

84 3 



number of secondary and higher students per 1000 primary students 



10. 

secondary 

312-7 

299-8 

452 8 

740 3 

264 2 

622 3 

84 2 

383 8 

11. 

higher 

105 2 

83 8 

15 3 

25 6 

30*5 

47-1 

5 5 

29 7 

12. 

total 

417-9 

383 6 

468 1 

765 9 

294-7 

669-4 

89 7 

413 5 



number of higher students per 

1,000 secondary students 



13. 

higher 

336 5 

279-6 

33-8 

34-6 

115-4 

75-7 

65 3 

77 5 


Compiled by the Planning Division, Indian Statistical Institute, from 


1. Population figures are taken from UN Statistical Tear Book 1956 and 1957 except for China which is taken 
from official data (in Chinese) 

2. Educational statistics are taken from the following sources: 

USA: Statistical Abstract of USA^ 1956 and 1957. 

USSR: ITSSR in Figures (in Russian), 1958. Structural features of Soviet education are not fully revealed 
in recent data due to the fact that very few children were born during the war. 

UK, West Germany, France and Japan: UN Statistical Tear Book, 1957, 

China: From Report on Fulfilment ^ the National Economic Plan of the People"*s Republic of China in 1955. 

India: Basic Statistics relating to Indian Economy (mimeographed: GSO) for primary education - and 
Education in India, Vol 1, 1955-56. 
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Table 8: Emlmiit of stiihls U, djecl and sex with percentage 1950-51 and 1956-57 


level and subject 1950-51 1956-57 index 

-— 1950-51 

number (000) percentage number (000) percentage =100 



boys 

girls 

total 

boys 

girls 

total 

boys 

girls 

total 

boys 

girls 

total 


(1) 

(2.1) 

(3.1) 

(4.1) 

(22) 

(3.2) 

(42) 

(51) 

(61) 

pi) 

(5i) 

(62) 

(7.2) 

(8) 

1. Intm&de 

1986 

244 

2230 

894 

109 

lOOO 

381-2 

595 

4407 

865 

13-5 

100-0 

198 

2. arts 

963 

180 

1143 

432 

80 

512 

1951 

481 

2432 

44-3 

109 

55-2 

213 

3, commerce 

161 

01 

162 

73 

00 

73 

35-0 

02 

352 

7-9 

04 

8-0 

217 

4. science 

846 

63 

909 

379 

29 

408 

1450 

112 

1562 

329 

2-5 

354 

172 

5, agriculture 

1-6 

— 

16 

07 

— 

07 

61 

-- 

61 

14 

—- 

1-4 

381 

6. Diplm 

7. „ engineering and 

9-5 

03 

98 

970 

30 

1000 

26-1 

07 

268 

974 

2-6 

100-0 

273 

technology 

82 

— 

82 

837 

w. 

837 

237 

— 

23-7 

884 

— 

88-4 

289 

8, „ education 

04 

02 

06 

44 

20 

61 

07 

05 

1-2 

26 

1-9 

4-5 

200 

9. „ medicmeandveterinary 

0-9 

01 

I'O 

92 

l-O 

10-2 

17 

02 

1-9 

64 

07 

7-1 

190 

10. degfee 

1151 

137 

1288 

894 

106 

1000 

2102 

347 

244 9 

858 

142 

100-0 

190 

11. arts 

444 

89 

533 

345 

69 

414 

888 

250 

1138 

363 

102 

465 

214 

12. commerce 

15'8 

01 

159 

123 

— 

123 

314 

0-2 

31-3 

127 

0-1 

12-8 

197 

13. science 

29'1 

24 

315 

22'6 

1-9 

24*5 

486 

58 

544 

198 

24 

222 

173 

14. engmeering& technology* 

101 

— 

lO-l 

78 

— 

7-8 

177 

— 

177 

7-2 


72 

175 

15. mediane& veterinary* 

13'0 

23 

153 

101 

18 

119 

203 

37 

240 

83 

15 

98 

157 

16. agriculture 

2-7 

— 

27 

21 

- 

24 

37 

— 

37 

1-5 

—i 

1-5 

137 

17. Eostfodxate 

34-0 

39 

379 

897 

103 

1000 

569 

93 

662 

860 

140 

1000 

175 

18. arts 

11*0 

M 

131 

290 

5.5 

345 

173 

4-2 

215 

26-1 

6-3 

324 

164 

19. commerce 

20 

— 

20 

5-3 

— 

5-3 

27 

— 

27 

41 

__ 

4-1 

135 

201. law 

13'2 

0-3 

135 

348 

08 

35-6 

189 

04 

19-3 

28-6 

0-6 

29-2 

143 

20.2. law (higher) 

02 

— 

02 

05 

— 

0-5 

04 

— 

04 

06 

— 

06 

200 

21.1. education (B.T.) 

2-1 

10 

31 

56 

26 

82 

76 

33 

109 

115 

5-0 

16-5 

352 

21.2. education (higher) 

0-3 

01 

04 

08 

0-3 

14 

0-5 

03 

08 

0-8 

04 

12 

200 

22. science 

4-3 

04 

47 

113 

14 

124 

73 

09 

8-2 

11-0 

14 

124 

174 

23.1. technology & engineering* 

0-2 

— 

02 

05 

- 

05 

0-6 


06 

0-9 

« 

0-9 

300 

23.2. medicine & veterinary* 

03 

— 

03 

08 

— 

08 

10 

02 

12 

1-5 

03 

1-8 

400 

24. agriculture 

Inimedisle 

04 

~ 

04 

11 

— 

11 

06 

- 

0-6 

0-9 

— 

09 

150 





mm 


25 arts, commerce 

112 ^ 

181 

130-5 

50-5 

8-0 

58-5 

230-1 

48-3 

2)8-4 

522 

11-0 

63-2 

213 

26. science &teclinology 

8 b 2 

63 

92-5 

38-6 

2-9 

415 

151-1 

112 

1623 

34-3 

25 

36-8 

175 

Degioe 












100-0 


27. arts, commerce 

602 

9*0 

69-2 

46-8 

6-9 

53-7 

119-9 

25-2 

145-1 

49-0 

10-3 

59-3 

210 

28. science & technology 

54'9 

4-7 

59-6 

42-6 

37 

463 

90-3 

95 

998 

368 

39 

40-7 

167 

Posffokili 












100-0 


29. arts, law & commerce 

264 

24 

28-8 

69-6 

6-3 

75-9 

393 

46 

43-9 

59-2 

7-1 

66-3 

152 

30. science & technology^ 

52 

0-4 

5-6 

13-7 

M 

148 

95 

1-1 

10-6 

14-3 

1-7 

160 

189 

31. education 

24 

M 

3-5 

6-4 

2-9 

9-3 

81 

3-6 

11-7 

12-3 

5-4 

17-7 

334 

32. dU-lmls 

35)2 

42-3 

399 5 

89-4 

10-6 

1000 

674-4 

104-2 

778 6 

866 

134 

1000 

195 

33. arts, law, commeice 

199-0 

29-5 

228-5 

498 

7-4 

572 

3899 

78-1 

468-0 

501 

10-0 

601 

205 

34. education* 

28 

1-3 

4-1 

0-7 

0-3 

1-0 

8-8 

4-1 

12-9 

1-1 

0-6 

1-7 

315 

35. science & technology* 

155-4 

11-5 

1669 

38-9 

2-9 

418 

2757 

22-0 

297-7 

354 

28 

382 

178 


deludes agriculture. Includes engineering, medicine and veterinary, agriculture Includes diploma m education. 
Stwee; Perspective Planning Dmsion, Planning Commission. 

Table 9) Oul-lm of ^erm in Ink iji W oni djeci' MSI tni /955-5f 


examination 

number passed 

percentage 

of 

number passed 

percentage 

of 

1950-51 

-inn 


boys girls total 

- ui 

girls 

boys girls total 

vl 

girls 



1. Inlermeike 

71,2)2 

9,815 

81,087 

121 

125,939 

20,213 

146,152 

13-8 

180 

2 . arts 

38,748 

7,913 

46,661 

17-0 

75,764 

16,482 

92,246 

17-9 

198 

3. commerce 

6,393 

17 

6,410 

03 

11.216 

104 

11,320 

0-9 

177 

4. science 

25,459 

1,884 

27,343 

69 

37,716 

3,625 

41,341 

8-8 

151 

5. agriculture 

672 

1 

673 

01 

1,243 

2 

1,245 

02 

185 

6 . D^ma 

8,724 

5,418 

14,142 

383 

10,031 

2 535 

12,566 

202 

89 

7 , „ engineering & technology 

2,026 

1 

2,027 

01 

4,977 

— 

4,977 

— 

246 

8 . „ others 

6,698 

5,417 

12,115 

447 

5,054 

2,535 

7,589 

33-4 

63 

9. Digroe 

38,571 

5,380 

43,951 

122 

60,912 

10,648 

71,560 

149 

163 

lO.I. arts (pass) 

16.586 

3,738 

20,324 

184 

29,117 

7,899 

37,016 

21-3 

182 

10 . 2 . „ (hons) 

1,814 

450 

2,264 

199 

1,865 

487 

2,352 

20-7 

104 


ssEsssnacTciv rrvxoi-MScctis^Eraca: 





Table 9: (coidi.) 










11. commerce 

5,411 

22 

5,433 

04 

8,203 

50 

8,253 

0'6 

152 

12.1. science (pass) 

9,640 

767 

10,407 

74 

13,370 

1,577 

14,947 

106 

144 

12.2. „ (hons.) 

713 

73 

786 

93 

1,077 

132 

1,209 

10'9 

154 

13. engineering & technology 

1,772 

1 

1,773 

01 

3,810 

6 

3,816 

02 

215 

14. medicine & veterinary 

1,598 

325 

1,923 

16-9 

2.583 

491 

3,074 

16'0 

160 

15. ^iculture 

1,037 

4 

1,041 

04 

887 

6 

893 

07 

86 

16. Fost-urakite 

12,993 

2,052 

15,045 

136 

23,527 

5,038 

28,565 

17-6 

190 

17. arts 

5,020 

949 

5,969 

159 

7,627 

1,901 

9,528 

20-0 

160 

18. commerce 

575 

1 

576 

02 

1,027 

4 

1,031 

04 

179 

19.1. law 

3,474 

71 

3,545 

2-0 

5,733 

118 

5,851 

2'0 

165 

19.2. law (higher) 

15 

1 

16 

62 

41 

2 

43 

4-7 

269 

20.1. education (b.t.) 

2,096 

881 

2,977 

296 

6,052 

2,576 

8,628 

299 

290 

20.2. education (higher) 

151 

65 

216 

301 

301 

142 

443 

32-1 

205 

21. science 

1,326 

72 

1,398 

52 

2,277 

262 

2,539 

103 

182 

22.1. engineering 

87 

1 

88 

11 

148 

— 

148 

— 

168 

22.2. medicine &vetcnnary 

106 

11 

117 

94 

169 

33 

202 

163 

173 

23. agriculture 

143 

— 

143 

— 

152 

— 

152 

— 

106 

IntmSate 










24. arts & commerce 

45,141 

7,930 

53,071 

149 

86,980 

16586 

103,566 

16'0 

195 

25. science, agriculture & technology 26,131 

1,885 

28,016 

67 

38,959 

3,627 

42,586 

85 

152 

De^ie 










26. arts, law & commerce 

23,811 

4,210 

28,021 

150 

3918) 

8,436 

47,621 

177 

170 

27. science & technology* 

14,760 

1,170 

15,930 

73 

21,727 

2,212 

23,939 

9'2 

150 

Post-grsUe 










28. arts, Law & commerce 

9,084 

1022 

10,106 

101 

14,428 

2,025 

16,453 

12-3 

163 

29. science & technology* 

1,662 

84 

1,746 

48 

2,746 

295 

3,041 

97 

174 

30. M-U 

131,560 

22.665 

154,225 

147 

220,409 

38,434 

258,843 

14-8 

168 ' 

31. arts, law & commeice 

78,036 

13,162 

91,198 

144 

140,593 

27,047 

167,640 

161 

184 

32. education 

2,247 

946 

3,193 

296 

6,3)3 

2,718 

9,071 

304) 

284 

33. science & technology* 

44,579 

3,140 

47,719 

66 

68 409 

6,134 

74,543 

8'2 

156 

34. doctorate 

115 

13 

128 

102 

261 

24 

285 

84 

223 


Uncludes engineering, mediane & veterinary, and agiiculture 
Sum; Perspective Planning Division, Planning Commission 
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Table 10! Mmber of students appearing in and passing different examinations, and the percentage of successful students 


India: 1951-1952 to 1955-1956 



1951-1952 

1952-1953 

1953-1954 

1954-1955 

1955-1956 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 


Appeared 


1. 

Intermediate Arts 

109,493 

139,422 

169,287 

189,385 

207,118 

2. 

Intermediate Science 

61,891 

67,155 

78,973 

85,042 

93,405 

3. 

Bachelor of Arts 

47,842 

54,710 

74,824 

81,421 

79,920 

4. 

Bachelor of Science 

23,428 

27,457 

31,107 

34,754 

32,667 

5. 

Master of Arts 

7,780 

7,808 

10,281 

11,729 

13,215 

6 

Master of Science 

2,144 

2,114 

2,667 

2,946 

3,142 

7. 

Professional 

36,402 

41,497 

48,237 

53,005 

48,450 

8. 

total 

288,979 

340,163 

415,376 

458,282 

477,917 

Passed 






9. 

Matriculation 

261,059 

334,760 

397,005 

400,014 

429,494 

10. 

Intermediate Arts 

52,373 

59,703 

71,640 

86,741 

90,182 

11. 

Intermediate Science 

25,463 

29,318 

33,211 

39,735 

41,557 

12. 

Bachelor of Arts 

24,965 

27,491 

35,773 

40,445 

37,992 

13. 

Bachelor of Science 

11,171 

12,526 

14,405 

16,704 

15,997 

14. 

Master of Arts 

6,063 

6,169 

7,753 

8,892 

9,313 

15. 

Master of Science 

1,680 

1,694 

2.068 

2,211 

2,456 

16. 

Professional 

22,684 

26,269 

30,162 

33,181 

35,772 

161. 

Commerce 

6,785 

7,759 

8,452 

8,773 

9,597 

16 2, 

Law 

4,538 

5,562 

6,602 

5,996 

5,628 

16.3. 

Education & Teacher’s 







Training 

5,251 

6,215 

6,749 

9,492 

11,106 

16,4. 

Technology & Engineering 

2,592 

3,117 

3,638 

3,680 

4,444 

16.5 

Methane & Veterinary 

2,324 

2,512 

3,541 

4,089 

3,888 

16.6, 

Agriculture and Forestry 

1,194 

1,104 

1,180 

1,151 

1,109 

17. 

total 

405,458 

407,930 

592,017 

627,923 

662,763 

Percentage passed 






18. 

Intermediate Arts 

47-8 

42-8 

42 3 

45-8 

43 5 

19. 

Intermediate Science 

4M 

43-7 

42*1 

46.7 

44-5 

20. 

Bachelor of Arts 

52*2 

50-2 

47-8 

49-6 

47-5 

21. 

Bachelor of Science 

47-7 

45*6 

46-3 

48-1 

49-0 

22 

Master of Arts 

77-9 

79*0 

75 4 

75-8 

70-5 

23 

Master of Science 

78-4 

80-1 

77-5 

75-1 

78-2 

24 

Intermediate (1 A. & I Sc ) 

45-4 

43-1 

42-2 

46-1 

43-8 

25 

Degree (B A. & B Sc ) 

50-7 

48-4 

47-4 

49 2 

48-0 

26. 

M.A & M Sc* 

78 0 

79-2 

75 8 

75-7 

72-0 

27. 

Professional 

62 3 

63-3 

62 5 

62-6 

73-8 

28 

total 

50-0 

48-0 

46-0 

49-7 

48-8 


^Includes “others.” 


Source: Education in India 1952-1953, 1954-1955 and 1955-1956. 
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Table 11s Mumber and proportion of students in higher courses in relation to number of matriculates in India in 1952 


number per 10,000 

number on rolls per cent matriculates 

courses -- - -- 




boys 

girls 

total 

boys 

girls 

total 

boys 

girls 

total 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Intermediate 

(Od) number of matri¬ 
culates in 1952 

222,371 

first year 

35,767 

■ intermediate courses in 

258.138 100 100 

1952-53 

100 

10,000 

10,000 

10,000 

1. 

total on rolls 
(1952-531 

153,941 

20,330 

174,271 

69-2 

56 8 

67-5 

6,920 

5,680 

6,750 

2. 

arts 

63,851 

13,621 

77,472 

28-7 

38 1 

30-0 

2,870 

3,810 

3,000 

3. 

commerce 

19,510 

127 

19,637 

8-8 

0-4 

7-6 

880 

40 

760 

4. 

science 

62,548 

5,903 

68,451 

28-2 

16-4 

26-5 

2,820 

1,640 

2,650 

5. 

agriculture 

1,209 

— 

1,209 

0-5 

— 

0-5 

50 

—. 

50 

6. 

diploma: technology 

5,667 

1 

5,668 

2-5 

— 

2-2 

250 

— 

220 

7 1. 

„ : education 

235 

201 

436 

0-1 

0-6 

02 

10 

60 

20 

7 2. 

„ * others 

921 

477 

1,398 

0-4 

1 3 

0-5 

40 

130 

50 

Degree 

(0.2) number passed 

intermediate in 1954 

98,011 

first year degree courses in 

15,612 113,623 100 

1954-55 

100 100 

4,408 

4,365 

4,402 

8 

total on rolls 
(1954-55) 

74,947 

10,727 

85,674 

76-5 

68-7 

75-4 

3,370 

2,999 

3,319 

0 . 

arts (pass & hons.) 

33,262 

7,654 

40,916 

33 9 

49-1 

36-0 

1,496 

2,140 

1,585 

10. 

commerce 

12,515 

77 

12,592 

12-8 

0*5 

11 1 

563 

22 

488 

11. 

science 

19,567 

2,146 

21,713 

20-0 

13-7 

19 4 

880 

600 

841 

12 

technology & 
engineering 

4,000 

1 

4,001 

4-1 


3-5 

180 

_ 

155 

13. 

medicine & veterinary 

3,056 

733 

3,789 

3-1 

4-7 

3-3 

137 

205 

147 

14 

agriculture 

1,221 

5 

1,226 

1-2 

— 

1 8 

55 

1 

47 

15, 

diploma (others) 

1,326 

111 

1,437 

1-4 

0-7 

1-3 

59 

31 

56 

Post-graduate 
(0 3) numbers awarded 
degrees m 1956 

51,698 

first year 

9,332 

post-graduate courses m 

61,030 100 100 

1956-57 

100 

2,325 

2,609 

2,364 

16 

total on rolls 
(1956-57) 

33,988 

6,084 

40,072 

65 7 

65-2 

65 7 

1,528 

1,701 

1,552 

17. 

arts 

9,015 

2,023 

11,038 

17-4 

21*7 

18-1 

405 

566 

428 

18. 

commerce 

1,422 

11 

1,433 

28 

0 1 

23 

64 

3 

55 

19. 

law 

11,698 

220 

11,918 

22 6 

2-4 

19-5 

526 

61 

462 

20 

education 

7,349 

3,295 

10,644 

14 2 

35 3 

17-5 

330 

921 

412 

21. 

science 

3,375 

382 

3,757 

6-5 

4-1 

6-2 

152 

107 

146 

22. 

agriculture 

264 

3 

267 

05 

— 

0-4 

12 

1 

10 

23. 

diploma (others) 

865 

150 

1,015 

1-7 

1-6 

1-7 

39 

42 

39 



Science & technology 


first year 

science & technology (totals) 




24, 

intermediate 

(1952-53) 

69,424 

5,904 

75,328 

31-2 

164 

29-2 

3,120 

1,640 

2,920 

25 

degree (1954-55) 

27,844 

2,885 

30,729 

284 

184 

28-0 

1,252 

806 

1,190 

26. 

post-graduate 

(1956-57) 

3,639 

385 

4,024 

7-0 

4-1 

6-6 

164 

108 

156 


Source: Perspective Planning Division, Planning Commission. 

JVbfe: Percentage figures given in cols (5), (6) and (7) are on the basis of the number of candidates who 
passed the appropriate previous examination as given in lines (0.1), (0.2) and (0.3), 




Table 12: M mm expmihlttn po pempo 3§ iays mi mmktmpmiiqes ofpopuktm mi coimm expaiiibire ij siib-miples 
National Sample Survey. 9tli Round May-November 1955, all-India (ruial)^ 


pei- 

cen- 

tile 

number of sample 
households 

total consumer expenditure m Rs pei peison 
per 30 days 


cumulative peicentage of 


hnuling values 

average expendituie 

total population 

total consumer expendi¬ 
tuie 

ssl 

ss2 

comb 

ssl 

ss2 

comb 

ssl 

ss2 

comb 

ssl 

ss2 

comb 

ssl 

ss2 

comb 

(1) 

(2) 

(3) 

(4) 

(5) ' 

(6) 

i^) 

(8) 

(9) 

(10) 

(1) 

(12) 

(13) 

(14) 

(15) 

(16) 

5 

39 

39 

78 

491 

479 

490 

401 

382 

390 

632 

558 

583 

1*69 

139 

150 

10 

38 

35 

71 

5*99 

5*85 

5*92 

5*43 

539 

539 

12*39 

10*86 

11*56 

388 

3*26 

354 

15 

35 

37 

73 

674 

6*88 

680 

639 

638 

638 

1717 

1594 

1650 

591 

5*37 

5*62 

20 

36 

43 

78 

7-54 

7*90 

776 

725 

735 

728 

2216 

21*47 

21*72 

8*32 

8*03 

8*13 

25 

37 

37 

76 

852 

8-59 

856 

8*05 

831 

820 

2682 

27 05 

2698 

1081 

1106 

1097 

30 

33 

42 

75 

936 

9-57 

953 

8*96 

9*19 

9*06 

32*78 

32*49 

32 61 

1436 

14*33 

1434 

35 

38 

41 

79 

10-17 

10*39 

10*31 

980 

995 

989 

37 43 

3806 

3778 

17*39 

1795 

17*71 

40 

38 

34 

72 

11*03 

11*09 

1107 

1066 

1074 

1069 

42 93 

43 75 

4313 

2129 

2195 

21*48 

45 

34 

36 

73 

11*80 

12*06 

1192 

1142 

1168 

1149 

47*56 

4850 

47*74 

2480 

2558 

24*97 

50 

41 

43 

80 

1283 

1302 

1288 

12*35 

1259 

1243 

5311 

5341 

5312 

29*36 

29*62 

29*38 

55 

40 

38 

78 

1414 

1405 

14*14 

13*46 

1345 

1344 

5819 

5865 

5837 

33 90 

3423 

34*03 

60 

37 

43 

80 

1513 

1555 

1524 

1457 

1473 

1464 

63 77 

6375 

6383 

39 30 

3914 

39 30 

65 

42 

34 

77 

1661 

16*97 

1677 

15*81 

1612 

1600 

6851 

67 87 

6832 

4429 

4348 

4404 

70 

44 

38 

82 

18*49 

18*59 

18*56 

1761 

1788 

1778 

7426 

72 37 

7338 

5102 

48*75 

49*97 

75 

40 

39 

78 

19'85 

20*08 

20 02 

1914 

1937 

1926 

78*60 

77 55 

7794 

5655 

55*30 

55*76 

80 

37 

40 

76 

22*59 

2201 

2211 

2122 

21*27 

2119 

82 95 

8265 

82*73 

62 69 

62*40 

62 45 

85 

39 

31 

72 

2495 

2360 

24*35 

23 77 

22 97 

23 36 

87 83 

8619 

87*07 

7040 

67 71 

69*12 

90 

40 

40 

79 

2957 

27*53 

2859 

27 40 

2542 

2623 

92 60 

9108 

9147 

7909 

7585 

7674 

95 

40 

40 

81 

3805 

3838 

3813 

32*85 

3206 

3217 

9692 

9607 

9646 

88 54 

8629 

87 31 

100 

40 

38 

78 

194 41 

12886 

194 41 

5596 

5330 

5431 

100 

100 

100 

100 

100 

100 

all 

768 

768 

1536 




15*03 

15*24 

1515 








Number of sample villages including 4 uninhabited villages m each sub-sample 111 (ssl), 112 (ss2), 1544 (combined). 
Number of sample households* 168 (ssl), J68 (ss2) 1536 (combined) 

^Excludes Jammu & Kashmir 


sa:ssa:^3ccxcrv' TivxJc.Maccrrsai'sicat OS’S 



•fl 

0 


MJttml Mldii (Jlml)' 


expenditure m rupees per person per 30 dvas 

lercen- popula--— --——---- 

tile taon’in food grams food total sugar clothing education mediane medical services 

lakh (105) ----- --- --- 

ssl 8 s 2 comb ssl ss2 comb ssl ss2 comb ssl ss2 comb ssl ss2 comb ssl ss2 comb ssl ss2 comb 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II) (12) (13) (14) (|5) (16) (17) (18) (19) (20) (21) 


5 

197 

234 

249 

239 

312 

318 

312 

004 

004 

10 

194 

301 

314 

309 

441 

422 

432 

006 

006 

15 

167 

343 

354 

348 

505 

494 

502 

010 

Oil 

20 

177 

342 

388 

360 

515 

563 

532 

013 

Oil 

25 

178 

446 

437 

450 

643 

648 

647 

009 

021 

30 

191 

428 

450 

439 

673 

686 

683 

025 

016 

35 

175 

511 

506 

505 

743 

781 

756 

028 

026 

40 

181 

544 

543 

534 

816 

811 

811 

026 

025 

45 

156 

518 

602 

561 

859 

900 

879 

035 

028 

50 

182 

625 

570 

600 

940 

965 

952 

016 

034 

55 

177 

545 

609 

580 

938 

997 

970 

038 

035 

60 

185 

705 

599 

656 

1113 

1022 

1088 

033 

044 

65 

152 

629 

609 

630 

1101 

1128 

1112 

064 

066 

70 

171 

568 

703 

618 

1207 

1222 

1198 

051 

060 

75 

154 

715 

723 

719 

1332 

1344 

1336 

049 

066 

80 

162 

741 

761 

750 

1422 

1440 

1430 

087 

049 

85 

147 

782 

849 

805 

1544 

1670 

1625 

073 

071 

90 

149 

836 

809 

821 

1628 

1652 

1637 

068 

098 

95 

169 

966 

721 

850 

2013 

1780 

1830 

114 

127 

100 

120 

1051 

897 

950 

2288 

2265 

2302 

098 

124 

all 

3384 

570 

571 

570 

999 

1016 

1008 

039 

044 


0 04 0 10 0 05 0 08 0 00 0 02 0 01 001 0 00 0 01 0 00 - 0 00 

0 06 0 09 0 23 0 16 - 001 001 0 06 0 04 0 05 - - - 

011 0 09 0 42 0 22 0 02 0 01 0 02 0 03 0 04 0 04 0 02 0 02 0 02 

0 12 0 33 0 59 0 52 0 00 0 01 0 00 0 07 0 01 0 04 0 05 - 0 02 

0 14 0 32 0 34 0 31 0 00 0 05 0 03 0 03 0 01 002 - - - 

0 23 0 27 0 61 0 44 0 02 0 01 0 02 0 08 0 03 0 06 0 01 006 0 04 

0 24 0 72 0 72 0 74 0 03 0 00 0 01 0 03 0 02 0 02 0 04 - 0 02 

0 28 0 61 0 66 0 67 0 08 0 02 0 05 0 05 0 01 0 04 - 001 - 

0 30 0 66 0 63 0 62 0 04 0 02 0 04 0 15 0 23 0 15 0 02 - 0 02 

0 28 0 69 0 57 0 62 0 08 0 04 0 06 011 0 08 0 12 - - 001 

0 34 1 24 0 79 0 99 0 22 0 14 0 17 011 0 09 010 0 04 0 02 0 03 

0 43 1 00 0 97 1 02 0 05 0 21 0 11 015 0 33 0 17 0 08 0 00 0 04 

0 60 1 85 1 38 1 62 0 04 0 01 005 0 21 0 18 0 23 0 08 0 16 0 08 

0 53 1 74 1 67 1 69 0 j3 0 15 013 0 18 0 19 024 002 002 006 

0 58 2 19 1 88 2 04 0 12 0 07 011 0 18 0 32 0 24 0 02 0 05 0 04 

0 69 2 12 2 50 2 27 0 21 0 09 0 14 0 18 0 52 0 39 0 08 0 07 0 07 

0 76 2 11 092 1 50 0 23 0 20 0 22 0 81 046 0 49 0 26 0 18 0 14 

0 85 3 43 2 53 2 89 0 15 0 29 0 30 0 82 0 44 0 82 0 19 0 19 0 29 

1 08 3 86 4 27 4 24 0 71 051 046 0 43 1 32 0 84 - 0 39 0 21 

1 19 5 87 4 90 5 28 0 58 0 29 0 48 8 37 1 12 4 21 3 43 0 42 1 69 


041 131 127 1 29 012 0 10 011 044 0 25 0 34 0 15 0 07 011 


Number of sample villages mcludmg 4 uninhabited villages in each sub-samples 772 (ss 1), 772 (ss2), 1544 (combmed), 
Number of sample households 768 (s s 1), 768 (s s 2), 1536 (combined) 

^ glides Jammu & Kashmir 

'Population estimates used elsewhere are based on projection 
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UPPER ATMOSPHERE AND SPACE EXPLORATION WITH 
ARTIFICIAL SATELLITES 


S K Mitra 

(delivered at Bombay on January 1960) 

I propose in my address to give a brief 
account of the progress that has been 
made in our knowledge of the high 
regions of the atmosphere and of the space 
beyond—hundreds and thousands of kilo¬ 
metres above the surface of the earth— 
with the help of artificial satellites. I have 
chosen this subject, because for many years 
the upper atmosphere has been my parti¬ 
cular field of study, and it has been the 
general practice for the President of the 
Institute to speak at the Anniversary 
meeting on a subject in which he is 
specially interested 

The launching of the artificial satellites 
had, perhaps, been the most spectacular 
Item of the programme of the Inter¬ 
national Geophysical Year (1st July, 
1957 to 31st December, 1958). The first 
satellite Sputnik I was put into orbit 
round the earth by the Russians on 
October 4, 1957; the latest. Discoverer 
VIII, has been launched by the Americans 
on November 20, 1959 In between, there 
have been 12 other satellite launchings 
Of these five have crashed back to earth 
and nine (together with the launching 
rockets of some) are still in their orbits 
{see Table I). Besides, there had been 
near-successful or successful launchings of 
lunar rockets. Of these two missed the 
moon and have become instead man¬ 
made planets of the sun, two had reached 
about one-third the distance to the moon, 
one has hit the moon and one has orbited 
round it taking photographs of its un¬ 
observed face. 

To many, the actual launching, putting 
a terrestrial object into an orbit round the 
earth as a satellite, had been an end in 
itself satisfying the adventurous spirit of 
man. To them further launchings since 


that of Sputnik I are of little interest. To 
others, successful overcoming of gravity 
has been of special appeal as this is the 
first step towards manned flight into space. 
To the man of science, however, the satel¬ 
lite programme is of the profoundest 
interest for other reasons. Man’s vision of 
the sky had hitherto been restricted by 
the screening effect of the atmosphere. 
He could use only two narrow windows 
in the wide range of electromagnetic 
waves, one corresponding to light and 
another to radio. Now with an instru¬ 
mented satellite stationed above the dense 
atmosphere he is having a ‘greatly in¬ 
creased view of the denizens of heavens.’ 
The satellite programme is also supplying 
for the first time reliable data of the 
physical conditions of the hitherto in¬ 
accessible remote regions of the atmosphere 
and outer space, is helping in gaining new 
knowledge in the field of atomic physics 
and will undoubtedly benefit two im¬ 
portant applied sciences. Radio Communi¬ 
cation and Meteorology. Further, in no 
distant future, it will provide firm answer 
to the question: Is there life in any of the 
planets? And, finally as has been proved 
again and again in the field of pure re¬ 
searches, the satellite programme may 
yield, in the long run, unexpected practical 
dividends. 

The success of the satellite programme of 
upper atmosphere and space exploration 
has been due to successful developments 
in instrumentation and remote control 
techniques, as witnessed by the photo¬ 
graphy and transmission of the photo¬ 
graph line by line by the instruments of 
Lunik III. The nose-cone of the satellite 
(or the rocket) is, in fact, a space labo¬ 
ratory. It is amazing how the variety of 
instruments and apparatus, all working 
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Table Is Earth-satellites in orhit 


PRESIDENTIAL ADDRESSES 


Designation 

Launching date and 
life 

Weight (kg) 

Perigee 
height (km) 

Apogee 
height (km) 

Explorer 

I 

1 February, 1958 

4 years 

140 

304 

21 March, 1959 

1,937 

Vanguard 

I 

17 March, 1958 

100 years (?) 

1-5 

568 

12 March, 1959 

3,428 

Sputnik 

in 

15 May, 1958 

19 months 

1,3464 

190 

2 March, 1959 

1,214 

Explorer 

IV 

26 July, 1958 

13 months ( 

17*5 

222 

21 March, 1959 

1,296 

Vanguard 

II 

17 February, 1959 

50 yeais 

98 

485 

2,282 

Explorer VI 

Explorer VII 
Discoverer VII 
Discoverer VIII 

7 August, 1959 

13 October, 1959 

7 Novembei, 1959 

20 November, 1959 

64 5 

41 6 

225 

37,000 


—The list excludes the earner rockets of some of the satellites which are still in orbit and are also 
to be regarded as earth-satelhtes. 


Table II: Moon rockets 


Designation 

Launching date 

Remaiks 

Pioneer 

I 

11 October, 1958 

Reached 114,100 km. 

Pioneer III 

6 December, 1958 

Reached 108,700 km Tiansmitted duung flight 
radiation belt data. 

Lunik 

I 

2 January, 1959 

Passed the moon at 6,400 km. distance; is an 
artificial planet of the sun. 

Pioneer 

IV 

3 March, 1959 

Artificial planet of the sun 

Lunik 

II 

13 September, 1959 

Hit the moon. Transmitted during fligh! magnetic 
field, cosmic rays, micrometeorite and inter¬ 

Lunik 

III 

3 October, 1959 

planetary gas data. 

Passed round the moon taking photogiaph of its far 
side and transmitting the same to earth. 


automatically and subject to vibrations, 
accelerations, heating and extremes of 
low pressure have been ‘^miniaturized’ 
within the strict limits of weight and 
space available. A list of some of the 
instruments and apparatus, as ordinarily 
carried, is as follows: Temperature and 
pressure gauges, magnetometer for measur¬ 
ing the intensity of the terrestrial magnetic 
field, Geiger counters for cosmic rays, 
instruments for registering photons in the 
same, photo-multipliers for solar corpus¬ 
cular radiation, ion traps for ionization 
measurements, devices to register micro¬ 
meteors, mass spectrometer for deter¬ 
mining the nature of atmospheric ions, 
and time pro^amming and temperature 
regulating devices. The satellites also carry 


radio transmitters with telemetering 
systems for sending the data racorded by 
the instruments to the ground observing 
stations. The signals from the transmitters 
also enable the stations to keep track of 
the satellite. A major problem has been 
that of the batteries, sufficiently light and 
compact, which would supply power for 
a long time to the transmitters and to 
the various recording instruments. This has 
largely been solved by the development 
of special type of solar cells which are 
continually charged by solar energy. It 
has also been reported that small light¬ 
weight atomic reactor, weighing no more 
than 220 lb, fuelled with enriched uranium 
may soon be available for providing power 
to the satellite instruments and transmitters. 
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Density and TemperatureDistribudon 
in the Upper Atmosphere 

Density distribution is generally computed 
from the orbital data of the satellite. The 
orbit of the satellite, even in its very early 
days, is not fixed (relatively to the earth) 
but changes continually. This is due 
firstly to the atmospheric drag effect 
(specially at its pengee when it passes 
through the comparatively dense atmos¬ 
phere) and secondly to the irregular 
gravitational pull of the earth, the nature 
of which differs significantly from the 
ideal central pull of a spherical earth. 
Fortunately, the two effects can be 
separated Hence, it is possible, on the 
one hand, to estimate the density of the 
atmosphere in the region of the drag, 
and, on the other, to determine accurately 
the distribution of the gravitational field 
of the earth. The results, as deduced by 
the processing of the drag effect from the 
satellite tracking data, all show that the 
density of the atmosphere in the highest 
regions studied—two hundred kilometres 
and above—is more than one order higher 
than that of the various model atmospheres 
proposed from time to time. Further, 
close analysis of the secular variation of 
the drag shows that the variations are 
not smooth as they ought to be if the 
atmospheric density distribution remained 
constant in time They are sometimes 
irregular and the irregularities are related 
to the occurrence of solar disturbances. 
The most conspicuous of the irregularities 
is the sudden increase in the drag effect 
associated with solar flares (Jacchia, 1959). 
The interesting thing about the increase 
is that it occurs not at the time of the 
flare, but about 24 hours later. This 
shows that the drag increase is caused 
by increased density due to heating by 
absorption of solar corpuscular emissions 
which take about the same time to reach 
the earth. Besides association with flares, 
association between smaller irregularities 
in the drag effect and the variations in 
intensity of magnetic disturbances (geo¬ 
magnetic planetary indices Kp) has also 
been reported (Jacchia, 1959). There is 
close resemblance between the two varia¬ 


tion curves even in details. And, since 
the geomagnetic disturbance is known to 
be associated with solar corpuscular 
emission, this again shows that the upper 
atmosphere density is affected by heating 
due to absorption of such emissions. 
Finally, the drag effect variations also 
generally confirm the results obtained 
with high altitude rockets regarding 
diurnal, seasonal and latitudinal varia¬ 
tions of the upper atmosphere density 
(Groves, 1958; K.ing-Hele and Walker, 
1959). 

It may be noted that the result of high 
density in the highest atmospheric regions 
referred to above is not quite unexpected. 
It confirms the assumption of a rising 
temperature in these regions as has always 
been made in constructing atmospheric 
models. In Table IV are given the 
densities and temperatures at some select¬ 
ed heights of such a model constructed 
some years ago on certain assumptions 
(Mitra, 1952). These may be compared 
with the corresponding figures in the 
model shown in Table III proposed 


Table III: A model upper atmosphere based on high 
altitude rocket and satellite data 


Height 

(km) 

Density 

(gm/cm’) 

Pressure 
(mm of Hg) 

Temperature 

(“K) 

800 

6 00x10-” 

4 81x10-1" 

2068 

500 

1 r)4x io-« 

9 46x10-" 

1591 

300 

4 97x10-“ 

1 85x10-’ 

1023 

130 

2 74x10-“ 

3 46x10-8 

462 


Table IV: An older model 


Height 

(km) 

Density 

(gm/cm*) 

Pressure 
(mm. of Hg) 

Temperature 

(“K) 

800 

3-67 X 10-1’ 

2-13x10-^" 

3040 

500 

7-00 X 10-1" 

2-25x10-* 

1840 

300 

2*11 X10-1* 

3-83x10-* 

1040 

110 

4-98x10-1* 

2-70x10-* 

270 

100 

1-74X10“" 

1-00x10-* 

240 


recently by A P Mitra and S B Mathur 
(1959) from high altitude rocket and 
satellite data. In both the models there 
is significant density even at 800 km 
height. It will presently be seen that 
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PRKSIDKNTIAI, ADDRESSES 


ionospheric studies with satellites and by 
other methods indicate that the atmos¬ 
phere extends to much greater heights 
and merges with the interstellar gas at 
a distance of several tens of earth-radii. 

Ionosphere 

The ionosphere produces a number of 
effects on the radio signals transmitted 
through it from a fast-moving satellite 
Careful measurements of these effects, 
combined with the positional data of the 
satellite, enable one to estimate the elec¬ 
tron concentration in the ionosphere at 
great heights. These measurements are of 
considerable importance, because ionos¬ 
pheric observations as carried out with 
the transmitter located on the ground 
cannot give any information of electron 
concentration in regions above the level 
of maximum ionization of the F2 layer, 
that is, above about 300 km Measure¬ 
ments as made till now with satellite 
signals all show that the electron con¬ 
centration above this height decreases 
much more slowly than hitherto supposed. 
For the region between 300 km and 
500 km the satellite results confirm the 
earlier results obtained with high flying 
rockets. The ionospheric effects on satellite 
radio signals as have been recorded and 
analysed are: Faraday fading effect, 
Doppler effect and refraction effects. 

Faraday fading effect: The ionosphere, so 
far as the propagation of radio waves is 
concerned, acts as a doubly refracting 
medium due to the influence of the 
earth’s magnetic field. At any level there 
are two characteristic waves (magneto¬ 
ionic splitting) generally elliptically pola¬ 
rized. The plane of polarization of a plane 
polarized wave is rotated as it travels 
through^ the ionosphere, and the amount 
of rotation, as observed at the receiving 
station, alters as the satellite changes its 
position (Faraday rotation). There is thus 
fading of the signal on a linearly polarized 
aerial, its rate depending on the rate of 
change of the difference in phase between 
the two characteristic waves (Faraday 
fading). Since this latter rate depends on 


the electron content of the path in the 
length between the satellite and the 
receiving station, it is possible to compute 
the amount from an analysis of the records 
of Faraday fading (Berning, 1959) Esti¬ 
mates have been made by this method by 
observation of Sputnik I signals (Aitchison, 
Thomson and Weekes, 1959). The results 
show that at night the ionization density 
above the maximum of the F2 region 
decreases slowly and that at 100 km 
height above the same it did not decrease 
by more than 20 per cent 

Doppler effect: There is Doppler shift in 
frequency of the transmitted signal due 
to the motion of the satellite (Berning, 
1959). The amount of the shift is deter¬ 
mined by the rate of change of phase 
path of the radio ray caused by the 
motion. The phase path depends on the 
refractive index of the medium, that is, 
on the electron distribution in the path 
As the satellite moves over the observing 
range of the station, the slant of the 
phase path changes and there is time 
variation of the Doppler frequency shift 
If the satellite transmits on two different 
frequencies, then the time variation curves 
of the two, which in the absence of the 
ionosphere would have been the same, 
are different, though they may be parallel 
and lie close to one another. The ionos¬ 
phere effect on Doppler shift, and hence 
ionosphere electron content, can be de¬ 
duced with convenience from the observed 
frequency shifts of two signal frequencies, 
one double that of the other, and the 
satellite positional data (Thomas and 
Hibberd, 1959). If the Doppler shift 
frequency for the lower one be denoted 
by D (1) and that for the double frequency 
by D (2) then the difference 2D (1) —D (2) 
for two different positions of the satellite 
is associated with the electron content of 
the phase path between the two positions 
Accurate data of the Doppler shifts, as 
also those of the satellite positions and 
the directions of reception of the trans¬ 
mitted signals, are needed for ionospheric 
computation by this method. It has been 
shown that results may be obtained more 
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eadily if the Doppler shift data are used 
n conjunction with the Faraday fading 
lata (Thomas and Hibberd, 1959), The 
wo curves are plots of Doppler shift 
variation with time for the two frequen- 
les 20 Mc/sec and 40 Mc/sec transmitted 
rom Sputnik I. They were taken in 
England at the Post Office Radio Stations 
t Baldock and Banbury. The area PQjR. 
epresents the total number of cycles of 
Doppler shift frequency for the 40 Mc/sec 
i^ave when the satellite moves from one 
)Osition to a contiguous one in the time 
nterval between the two ordinates, and 
he area XYZ represents twice that for 
he 20 Mc/sec wave The difference of 
he two areas is propoitional to the eflect 
pf the ionosphere 

lefraction effect— TrammtsnonCone. The path 
if radio waves entering an ionospheric 
ayer is bent by refraction The refractive 
ndex being less than unity the bending 
s away from the normal (Beming, 1959). 
further, the waves can enter only when 
he frequency is greater than the critical 
requency (penetration frequency for verti- 
al incidence) of the densest top layer 
F2 layer) and is also incident at an 
ngle less than the corresponding critical 
ingle of incidence Due to the bending 
>f the path, the apparent position of the 
atellite, as indicated by the direction of 
irrival of the waves, is different from its 
rue position. If the frequency of the 
vaves IS not far removed from the critical 
requency (e.g. 20 Mc/sec of Sputnik I), 
he obliquely incident waves may be bent 
ipward by ‘total reflection’ effect and 
Lot penetrate into the ionosphere. In 
uch case a ‘transmission cone’ is pro- 
luced above the level of maximum 
lectron density. Signals from the satel- 
Lte can only be received when the 
atellite is within the cone. By observing 
he times of appearance and disappear- 
ince within and beyond respectively of 
his transmission cone, the nature of 
lectron density distribution above the 
^2 layer may be deduced. For example, 
f the path of the satellite above the 
ibserving station is not horizontal and 


its height changes appreciably, then the 
time of its appearance within the cone 
will not be symmetrical with that of its 
disappearance beyond the same Analysis 
of such asymmetry enables one to measure 
the slope of the cone at the satellite orbit 
and hence also estimate the electron 
density at these heights. 

Refraction effect—‘Radio Rising' and ^Radio 
Setting' of Satellite: The times of rising and 
setting of a satellite as observed visually 
(may be through a telescope) are not the 
same as those ‘observed’ by the first de tec tion 
and the disappearance respectively of its 
radio signals The ‘radio rise’ occurs earlier 
and the ‘radio setting’ occurs later than the 
optical rising and setting respectively. 
Now, as the refraction effect depends 
upon the electron concentiation and its 
variation in the path of travel of the 
signal, these quantities, for the high 
regions of pass of the satellite, can be 
computed from records of the times of 
optical rising or setting, the satellite posi¬ 
tions and knowledge of the ionosphere 
in the lower region (Al’pert, 1958) In 
Table V is given a set of results obtained 
by the above method from radio rising 
and setting data of Sputnik 1 I’he values 
of electron concentration up to the alti¬ 
tude of 600 km were obtained directly 
from experimental data, those beyond are 
extrapolated It is to be noted that the 
values up to 500 km are in good agree¬ 
ment with those obtained from rocket 
exploiation. The values at greater heights 
are, however, underestimates, by more 
than one order, as compared with the 
values determined from moon Radio¬ 
echoes and ‘Whistler’ data {vide infra). 

The figures in the last column-—density 
of neutral particles at great heights—are 
obtained from a consideration of the 
lifetime T{e) in these regions of a free 
electron. This time is reckoned by the 
time that elapses between the production 
of the electron by ionization and its 
disappearance by recombination. The 
time is of the order 10®-10® seconds or 
more, that is, over 24 hours. If the time 
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between individual ionizations be T(n), 
then T(n)jT(e) is of the same order as 
the ratio between the number density of 
the neutral particles and that of the 
electrons. As T{n) and T(e) can be 
estimated without difficulty, the data of 
the number density of the electrons allow 
one to estimate also the number density 
of the neutral particles at the correspond¬ 
ing heights. The number density of 10’ 
at 600 km in the table below may be 
compared with the value 10® at 800 km 
level as deduced from Table IV 


Table Vi Height dutnbtUion of electrons deduced from 
'radio rising* and 'radio setting’ of satellite. Neutral 
particle density ts computed 


Altitude 

(km) 

Electron 
concentration 
(JV per cm®) 

Density of neutral 
particles 
(JV per cm®) 

200 

1x10® 


320 

1 8xl0« 


400 

1 4x10* 

6x10® 

600 

7x10® 

1x10’ 

1,150 

1x10® 

2x10® 

1,800 

1x10® 

2xlC» 

2,450 

1x10® 

20 

3,100 

1x10® 

<I 

Van Allen Corpuscular Radiation 

Belts 


Discovery and structure: A major achievement 
of the satellite programme of the IGY 
(to which also contributed the so-called 
moon-probes) is the discovery of the 
existence round the earth of extensive 
regions or ‘belts’ of intense corpuscular 
radiations extending to several earth-radii 
(Van Allen and Frank, 1959; Van Allen, 
Me Ilwain and Ludwig, 1959) The belts 
were discovered independently by the 
American and the Russian scientists; but 
most of the systematic study is due to 
the American group led by J A Van 
Allen of the State University of Iowa, 
USA. The patterns of the intensity varia¬ 
tion of the corpuscular radiations—con¬ 
tours of equal intensity—follow the con¬ 
figuration of the magnetic lines of force 
of the earth. Hence it is inferred that 
the corpuscles are charged particles; 
because, magnetic field has no effect on 


neutral particles. The corpuscles are dis¬ 
tributed within doughnut shaped belts 
round the earth centred on its magnetic 
equator There are two zones of high 
intensity with a gap of low intensity 
between them. The inner zone is situated 
at a mean distance of 13,000 km and 
the outer at about 25,000 km from the 
centre of the earth. The cross-sections of 
the belts are roughly of crescent shape. 
The high latitude ends of the ‘horns’ are 
close to the low latitude edge of the 
zones of the most frequent occurrence of 
aurora round the north and south magnetic 
poles. 

The corpuscles in the inner belt have a 
soft and a hard components The energy 
of the soft ones is round 100,000 eV 
and of the hard ranges from 6 million 
eV up. The low-energy particles are be¬ 
lieved to be electrons and the high energy 
ones to be protons of energy 100 million 
volts. Little is known about the nature 
or the energy of outer belt particles, only 
there is some evidence of the presence 
of particles in the energy range 650,000 eV. 

Trapped particles—Theoretical Considerations: 
Theoretical considerations, as also results 
of experiments carried out in laboratory 
and in the upper atmosphere, show that 
the charged particles, by virtue of their 
momentum, may be trapped by the 
magnetic field of the earth The theoretical 
considerations are more than half a 
century old and are due to two very 
distinguished Norwegian physicists, K 
Birkeland and Carl Stormer {see Mitra, 
1952). These authors, specially the latter, 
studied in great detail the motion of a 
charged particle in the field of a dipole 
magnet to which the configuration of the 
magnetic field of the earth closely approxi¬ 
mates They showed that there exist, 
round the dipole, spaces ‘allowed’ and 
‘forbidden’ to the charged particles. 
Particles trapped inside the allowed space 
can leave only by way of the ‘horns’ 
where they contact the earth. The radia¬ 
tion belts discovered are evidently the 
Birkeland-StSrmer allowed spaces in the 
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magnetic field of the earth, and the 
particles found inside the belts must have 
gained access across the forbidden regions 
by some special process to be investigated. 

The motions of the particles in the 
trapping belts are not at random as those 
of thermally agitated particles but follow 
definite patterns controlled by the mag¬ 
netic field of the earth. The dominant 
characteristic of the motion is a circular 
component about the lines of force. Be¬ 
sides the circular component, the particles 
have three other component motions. 
(a) a north-south, back and forth, travel 
in latitude along helical paths guided by 
the curved lines of force, (6) a drift in 
longitude east or west (according to the 
charge of the particle), and (c) a drift 
and diffusion in height. The north-south 
motions are due to velocity components 
that the particles may possess along the 
lines of force, the oscillations being caused 
by a sort of reflection effect at points 
where the lines of force become crowded. 
The east or west drift is attributed to the 
magnetic field strength varying not only 
north-south but also in height. The drift 
in height is caused by the presence of 
inhomogeneities of the magnetic field, 
that is, it occurs when and where the 
field configuration is significantly different 
from that of an ideal dipole. In such 
case there is variation of field intensity 
with change of longitude (which is absent 
in the case of the ideal dipole) and this 
gives rise to the drift. 

To obtain some idea of the magnitudes 
involved we note (Gold, 1959): A proton 
of 10 million eV energy, at a height of 
3,000 km above the equator, will have 
approximately a circling radius of 3 km. 
The time period of the north-south oscilla¬ 
tions, depending upon the energy, ranges 
from a fraction of a second to a few 
seconds. The time for drifting once round 
the earth, east or west, depends on the 
energy and height of the particles and 
is within a few minutes to a few hours. 
The time for drifts in height is difficult 
to estimate, but it must be much greater 


than those of the other two components 
and is to be reckoned in tens of hours 
or days. 

Laboratory and high altitude experiments —■ 
Project Argus: To demonstrate the exis¬ 
tence of ‘allowed’ and ‘forbidden’ spaces 
Birkeland earned out experiments as early 
as 1896. He constructed a large vacuum 
chamber and placed in its centre a 
magnetized iron sphere representing the 
earth which he called ‘Terrella’ The 
sphere was exposed to cathode rays pro¬ 
duced in the chamber. Under appropriate 
conditions a dark toroidal region was 
formed surrounding the sphere. This was 
the forbidden space. The space allowed 
to (he cathode rays, with the ‘horns’ 
contacting the sphere, is also seen in the 
figure (Birkeland, 1896). 

The laboratory experiments of Birkeland 
were simulated on a grand global scale 
62 years later by the American Navy by 
nuclear firings at high altitudes (Anon, 
i959a). The idea was to produce by the 
firings energetic electrons in the rarefied 
upper atmosphere and to test if, as pre¬ 
dicted by theory, the electrons would 
remain trapped by the earth’s magnetic 
field for any considerable length of time. 
The electrons would have remained in¬ 
definitely, if the allowed space were a 
perfect vacuum Actually the particles 
would lose energy by collision and escape, 
or disappear by recombination The life¬ 
time under such condition is estimated to 
range from a few seconds for altitudes of 
a few hundred kilometres to years for 
some thousands of kilometres 

The nuclear firings (Project Argus) were 
done at an altitude of 300 miles from the 
missile ship Norton Sound on the 27th 
and 30th of August and the 6th of 
September, 1958. The site chosen was in 
the Southern Hemisphere over the Atlantic 
Ocean, near the Falkland Islands, approxi¬ 
mately 45‘’S between the Greenwich 
Meridian and 30°W. The high energy 
electrons produced by the explosion, 
instead of dispersing all round, were 
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trapped by the arching lines of force 
passing through the site of the explosion. 
They travelled north and south spiralling 
about the lines of force, those going south 
entered into the dense atmosphere not far 
from the missile ship and caused artificial 
auroral glow; those that went north, 
climbing along the lines of force, came 
down and re-entered the dense atmos¬ 
phere near the Azore Islands in the 
Northern Hemisphere producing bnght 
auroral glow there also. The electrons 
also drifted across the lines of force 
spreading round the globe within a 
doughnut shaped shell, in about an hour’s 
time. How long they remained within the 
shell is not exactly known, though traces 
of the shell persisted for many days, even 
weeks. The monitoring of the effects of 
the explosion was done by the American 
earth-satellite Explorer IV put into orbit 
on July 26, 1958, and by a number of 
high altitude rockets specially launched 
for the purpose. 

Two other atomic charges were also fired 
by the USA in the Northern Hemisphere 
over Johnston Island, south-west of 
Hawaii, in the Pacific Ocean at a much 
lower altitude, 100 miles. The artificial 
aurora produced in the south across the 
magnetic equator was observed from the 
Samoa Islands. As the electrons in this 
low altitude explosion were produced in 
a region of insufficient vacuum, they were 
quickly lost by collisions and the spread 
round the globe was negligible. 

Origin of the belts: The problems of the 
Van Allen belts are: What is the source 
of the particles? Are they of solar, terres¬ 
trial or cosmic origin? How do the 
particles, charged as they are, find their 
way into the trapping zones across the 
‘forbidden space’? Further, why do not 
the two zones of high intensity merge 
into one another by diffusion? 

It is now the general opinion that the 
source of the particles in the outer belt 
is streams of charged particles emitted 
from the sun and that of the inner one 


is probably cosmic ray neutrons produced 
in the atmosphere The arguments in 
favour of these hypotheses may briefly be 
noted. 

Regarding the outer belt there is strong 
observational evidence of its solar origin. 
The radiation intensity in the outer belt 
was found to be greatly increased during 
solar disturbances. The evidence was sup¬ 
plied by observations from the American 
lunar rockets Pioneer III and Pioneer IV. 
Pioneer III flight was during a quiet 
period of the sun and Pioneer IV ‘had 
followed directly on 5 days of continuous 
and unusually intense solar activity’. It 
was found that radiation intensity during 
Poineer IV flight was several times that 
during the Pioneer III flight It is, there¬ 
fore, evident that particles of solar origin 
must have got into the belt. The mecha¬ 
nism of the ingress of the particles is, 
however, ill understood. But it is fairly 
certain that it is associated with the in- 
homogeneities produced in the earth’s 
magnetic field by the approach of the 
stream of solar particles (Gold, 1959; 
Anon, 1959a). The solar streams are 
known to carry with them magnetic 
field and they also cause magnetic 
storms. The interaction of this field 
with earth’s field perturbs the latter and 
allows the solar particles to drift across 
the ‘forbidden space’ and enter the trap¬ 
ping zones. The time period of the drift 
is difficult to estimate, but it must be 
much greater than those of the two other 
regular motions and is to be reckoned in 
days. It is to be noted that the sun is 
now known to emit particles over a very 
wide range of energy spectrum—from 
billions of eV cosmic rays to only a few 
electron volts. It is very likely that the 
sun emits particles in the energy ranges 
as observed in the belts not only during 
disturbed periods, but continuously. 

The solar origin hypothesis of the outer 
radiation belt explains a long standing 
difficulty of the auroras. The solar cor¬ 
puscles, if they are to reach the auroral 
latitudes (within 25° from the magnetic 
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poles), must possess sufficieut momentum 
to overcome the lateral push of the 
magnetic lines of force. Simple calcula¬ 
tions show that for electron or for proton 
the speed required is too great. Their 
penetrating power would be so high that 
they will not be able to ionize the atmos¬ 
phere at the height of the most frequent 
occurrence of aurora (round 100 km). 
The hypothesis meets this difficulty, since 
the particles of requisite energy are not 
required to reach the auroral belts direct¬ 
ly, but via the trapping regions. The 
particles enter the regions by slow drift 
motion in height and hence the delay of 
about a day between the occurrence of 
a solar outburst accompanied by emission 
of energetic particles and that of the 
corresponding auroral display is explained. 

It is also to be mentioned in this connection 
that there are permanent inhomogeneities 
m the earth’s field There are extensive 
regions on the earth where the field 
diners from that of the best fitting dipole 
by more than 20 per cent. The inhomo¬ 
geneities resulting from such irregularity 
being due to internal cause decrease 
rapidly with height. Nevertheless, they 
may allow particles to escape from the 
trapped regions. Loss by this mode of 
motion has, in fact, been invoked to ex¬ 
plain the gap of depleted population 
between the two high intensity zones 
(Dossier, 1959) It has been pointed out 
that the lines of force which touch the 
region of extensive magnetic irregularity 
over South Africa pass through this gap 
between the two belts. 

In the neutron hypothesis of the inner 
belt it is assumed that the particles have 
their origin in the neutrons produced by 
interaction of cosmic rays with atmos¬ 
pheric particles (Kellog, 1959; Singer, 
1958; Vernov, 1959). The neutrons are 
produced round 30 km altitude and the 
upward moving ones escape from the 
dense atmosphere and, being unaffected 
by the magnetic field (as they are un¬ 
changed), find their way into the 
‘forbidden’ belts. The mean life of a 


neutron at rest is 12 minutes and it is 
found that the velocity of the slow ones 
is such that they would decay within the 
belts producing fast electrons and protons. 
Though the rate of injection of electrons 
by this mode is very slow, yet, as the 
lifetime of particles in the belts is very 
long, there is ample time for the building 
up of a substantial population of particles. 
However, calculations show that the total 
energy that could be provided by this 
process falls short of that required due to 
loss by auroral displays by a factor of 
10,000 The neutron hypothesis cannot, 
therefore, explain the outer belt which is 
closely related to the auroral phenomena 

Jitn^ current in outer space; A remarkable 
announcement made recently by the 
Russians seems to support the natural and 
tempting assumption that the radiation 
belts may be the seat of a ring current 
round the earth (Anon, 1959A). The 
possibility of such a ring current, pro¬ 
duced by deviation of charged solar cor¬ 
puscles, had been suggested by Stormer 
and also figures in the theones of magnetic 
storms proposed from time to time. 
Measurements of the magnetic field inten¬ 
sity m outer space by magnetometer 
carried in Lunik I show that there is a 
drop in the intensity of the field between 
15,000 km and 30,000 km from the centie 
of the earth The maximum of the drop 
occurs m the region of the outer Van 
Allen belt It is assumed that the Lunik 
passed through an electric current system 
at this distance, between 20,000 and 
21,000 km which is not far from the 
central portion of the outer Van Allen 
belt. 

Radiation hazard: A question of vital im¬ 
portance in manned flights is radiation 
hazard Are the corpuscular radiations in 
space intense enough to be injurious to 
the occupants of a space vehicle’ The 
biological effects of radiation are due to 
the ionization it produces. The capacity 
for ionization is measured in roentgens, 
one roentgen being the quantity of radia¬ 
tion (X or gamma radiation) that would 
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produce ions carrying one electrostatic 
unit quantity of electricity of either sign 
in one cm® of dry air at NTP. The 
exposure levels in the belts, as computed 
from the counting rates of the particles, 
depend upon the assumption made re¬ 
garding the nature of the particles (Van 
Allen and Frank, 1959). It has been found 
that, if the particles were electrons only, 
the maximum observed exposure level in 
the hearts of the two zones was in the 
range 5-10 roentgens/hr. If, on the other 
hand, the particles are protons the level 
is 50-100 roentgens/hr. These are^ near 
lethal doses, recalling that the maximum 
permissible amount thought safe for man 
is 100 roentgens every three hours received 
in his whole life. 

Cosmic Ray Observations 

Cosmic ray observations with satellite 
be me instruments have given useful in¬ 
formation about the total flux of the rays 
at hitherto inaccessible heights, on the 
variation of its intensity with latitude, 
and on intensity variation with time. The 
last named one is of special importance, 
because it is the low-energy particles that 
are most subject to variations and these 
are precisely the particles that do not 
reach the vicinity of the earth due to 
atmospheric absorption. Study of these 
variations is of considerable interest be¬ 
cause it gives information about the 
origin of the particles, about the solar 
emission of such particles and also helps 
to understand the nature of magnetic 
storms known to be associated with such 
emissions. 

The first cosmic ray studies were those 
made with data radio-telemetered from 
Sputnik II. The satellite carried, amongst 
other instruments, two identical charged 
particle counters (the shielding matter 
round the counters was 10 gm/cm® in 
the mean), the readings of one serving to 
check those of the other. The informa¬ 
tions obtained were as follows (Vemov, 
Grigorov, Logachev and Chudakov, 1958). 

The latitude and longitude dependence of 


the cosmic rays showed that the lines of 
equal intensity do not follow the geomag¬ 
netic parallels as expected from theory. 
This confirms the view that the cosmic 
ray equator does not coincide with the 
geomagnetic equator. 

Above 200 km the intensity of the rays 
increased with height. At 700 km it was 
about 40 per cent more than that at 
200 km. The increase with height is as¬ 
cribed principally to two causes: First, 
decrease of intensity of the earth’s magne¬ 
tic field with height; this allows paitides 
of lower energy to reach the high levels. 
Secondly, due to the reduction of the 
screening effect of the earth, more partic¬ 
les (isotropically distributed) reach the 
instruments mounted in the satelhte. 

On one of the days of observations 
(November 7, 1957, 0436 hr to 0449 hr. 
Moscow time) sudden fluctuations of in¬ 
tensity were recorded over latitude 58°- 
65 °N. Occasionally the increase in in¬ 
tensity amounted to more than 50 per 
cent of the mean intensity These fluctua¬ 
tions and increase of intensity occurred 
at a time when cosmic ray lecording 
instruments on the earth’s surface did not 
detect any noticeable variation. The 
phenomenon may be ascribed to sudden 
emission of low-energy particles from the 
sun particles which were abosorbed by 
the terrestrial atmosphere. 

The American lunar rocket (unsuccessful) 
Pioneer III, which carried two Geiger 
counters, has yielded important informa¬ 
tion about the interplanetary value of 
cosmic ray intensity (Van Allen and 
Frank, 1959). Beyond 10 earth-radii the 
counting rate of the main counter was 
found to decline very slowly and appeared 
to have reached an asymptotic value at 
17 earth-radii, the outermost point of 
observation. At this distance in inter¬ 
planetary space, the counting gave the 
value of 3-6 cm®/sec, as the absolute 
omnidirectional intensity, that is, the flux 
through a sphere of 1 cm® cross-section. 
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Outer Atmosphere Extension: 

Terrestrial Corona; Where does 
the Atmosphere End? 

Satellite and rocket studies of the high 
regions of the atmosphere, as described 
in the preceding sections, all show that 
the outer atmosphere of negligible colli- 
sional frequency, lying above the lower 
atmosphere of significant colhsions, ex¬ 
tends to great heights Further, the 
terrestrial atmosphere is crowned, as it 
were, by the regions of trapped electrified 
particles extending to eight to nine earth- 
radii. In analogy with solar corona these 
regions may be called ‘terrestrial corona’. 
The fact of the great extension of the 
outer atmosphere receives support from 
two other independent ionospheric investi¬ 
gations: Study of radio echoes from the 
moon and study of the ‘Whistler’ type of 
atmospherics. These are briefly noted 
below: 

Echoes of radio waves returned from the 
moon were studied at the Jodrell Bank 
Experimental Station of the University 
of Manchester, England, by directing radio 
beams (frequencies 100 and 120 Mc/sec) 
to moon’s surface (Evans, 1956-59). The 
echo records showed long period fadings 
This was ascribed to the magneto-ionic 
effect of the ionosphere (Faraday fading). 
From analysis of the fading data on two 
close spaced frequencies it was possible to 
compute the total electron content in a 
vertical column of unit cross-seclion. The 
results showed that during day-time, for 
most of the months, the number of electrons 
above the F2 layer maximum (that is, 
above about 300 km) was three times that 
below that level. This is possible if the iono¬ 
sphere extends to great heights above 
the 300 km level. 

The atmospherics are natural radio noise 
caused by highly damped electromagnetic 
waves produced by lightning discharge. 
A special type of atmospherics known 
as ‘Whistlers’ (from their peculiar descend¬ 
ing tone) is caused by dispersive propaga¬ 
tion of such very long waves (frequency 
only a few kilocycles/sec) propagated 


over very long paths. The long paths are 
provided by the magnetic lines of force 
of the earth rising to great heights and 
guiding the waves by the action of free 
electrons present in outer atmosphere 
(Storey, 1953,1957). The waves originating 
in one hemisphere (say northern) are led 
by the lines of force to the magnetic 
conjugate point of the other hemisphere 
(southern) and, after reflection at the 
ground there, travel back to the point 
of origin. According to some recent 
analysis of ‘Whistler’ data made in New 
Zealand, the electron concentration needed 
in the outer ionosphere for the guidance 
has been estimated (Alcock, 1959) The 
concentration was found to decrease ex¬ 
ponentially with height and, at a distance 
of 2,640 km from the earth’s surface, it 
was found to be of the order 2 1 x 10* 
per cm . This is more than one order 
higher than the concentration at 2,450 km 
level as given in Table V. 

The extension of atmosphere to such 
great heights demands high temperature, 
rising to several thousand degrees K, in 
the outer atmosphere. This raises the 
important question of the source of heat 
energy and of the heat balance of these high 
regions. It is sometimes supposed that the 
main source of heating above 100 km 
level IS the absorption of hard electro¬ 
magnetic radiation from the sun. But, the 
loss of energy by microwave radiation 
from the regions a little above 100 km, 
rich in oxygen atoms, far exceeds the 
input (Krassovsky, 1959). Further, there 
is continuous downflow of heat from the 
hotter upper regions to the cooler lower 
regions. There must, therefore, be source 
of energy other than solar electromagnetic 
radiations. Various suggestions have been 
made in this regard: Absorption of in- 
frasonic waves from the troposphere, heat¬ 
ing by the world-wide electric current 
systems (near 100 km level) generated by 
the so-called ‘dynamo effect’, and also 
heating by interplanetary gas which is 
a continuation of the solar corona having 
temperature of several hundreds of 
thousand degrees K. Though no firm 
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conclusion has yet been reached, the last 
named suggestion due to Chapman (1959) 
has many points in its favour as being 
the dominant source. According to this 
idea the earth is immersed, as it were, 
in this hot interplanetary gas, and the 
downward flow of heat by conduction 
heats and expands the outer atmosphere 
to great heights. The extension, at a very 
modest estimate, is up to 20,000 km, more 
likely it is ten times greater. To the 
popular question: Where the earth’s 
atmosphere ends^ the answer today is 
that It does so where the density of the 
outer atmosphere falls to that of the 
interplanetary gas And, this occurs only 
at distances of some tens of earth-radii, 
perhaps at more than half the distance to 
the moon. The earth in its annual course 
round the sun carries with it through 
space this extensive system of outer at¬ 
mosphere and the terrestrial corona 

Concluding Remarks 

India's Participation in Space Research Pro¬ 
gramme: Outer atmosphere and space 
exploration is at present pre-eminently 
m the hands of USSR and USA. Perhaps 
this is inevitably so. Few nations of the 
world can afford the men and money 
needed and can commandeer the necessary 
aids of highly developed engineering 
industries in the various branches of the 
applied sciences for a costly project like 
this. To give some idea of the cost: the 
USA budget for the satellite programme 
of the IGY was more than a hundred 
million dollars; for a five-year programme 
of satellite research ^20 million was 
considered underestimate by Great Britain; 
and the design and construction of solar¬ 
cell alone of the American satellite Explorer 
VI has been a million dollars. Nevertheless, 
the state of affairs in which satellite pro¬ 
gramme is the monopoly of two nations 
only is undesirable. If allowed to continue, 
other nations will be in danger of being 
left permanently behind in this most 
fruitful field of modern research. From 
the trends of research efforts and develop¬ 
ments, it may safely be predicted that 
manned flight, though still fraught with 


grave difficulties, will be a pacticable 
proposition within foreseeable future. It 
has recently been announced that the 
USA proposes to spend 700 million dollars 
on a research and development project 
with the object of bringing a man safely 
down to earth from an orbiting satellite. 
And, when this is successful problems 
affecting every nation will arise. The 
formation of the Committee on Space 
Research (COSPAR), under the auspices 
of the International Council of Scientific 
Unions, is therefore most welcome The 
Committee’s function is to assist in carrying 
out fundamental research on an inter¬ 
national scale with the use of rockets 
and rocket propelled vehicles. It has been 
reported that Great Britain is designing 
and constructmg instruments for her space 
research plan and that the instruments 
will be earned by satellites launched by 
other nations In India we have en¬ 
thusiastic groups of upper and outer 
atmosphere research workers Such groups 
have problems of their own If they can 
formulate the research problems clearly 
and can undertake the design and con¬ 
struction of the necessary instruments with 
the economy of space and weight as 
demanded, it may perhaps be possible for 
India to reserve, on behalf of such groups, 
space in satellites of other nations. Further, 
though a programme of satellite launching 
may be out of practical bounds for India, 
she can undertake high altitude rocket 
research programme. Such rocket pro¬ 
grammes have been carried out successfully 
by countries other than USA and USSR. 
Expenses are modest and will be commen¬ 
surate with the results obtained—valuable 
experience gained in the first step towards 
space exploration and collection of im¬ 
portant research data. Rocket research 
is also of considerable interest to our 
E)efence Research and Development Orga¬ 
nization It is to be hoped that the Defence 
Organization and the Council of Scientific 
and Industrial Research will give serious 
consideration to sponsoring in our univer¬ 
sities and research institutions studies and 
research in some of the more modest 
aspects at least of this fast developing field. 
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Finally, it is always open to our young 
research scientists to undertake theoretical 
work on the many ill understood features 
of the space and outer atmosphere: There 
are still gaps in our knowledge of the 
source of heat supply to the regions of high 
temperature of the outer atmosphere; 
the Van Allen radiation belts have still 
many mysteries; and an outstanding 
contribution will be a comprehensive 
theory co-ordinating the various inter¬ 
related geophysical phenomena controlled 
by the sun and the magnetic field of the 
earth, e.g., the auroras and their charac¬ 
teristic forms, the location of the auroral 
zone, the magnetic storm characteristics 
and their relation to the ladiation belts 
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MAN AND NATURE 


S K Mitra 

(delivered at New Delhi, December 1960) 


Introduction 

I consider it to be a great privilege to 
have this opportunity of presiding over 
the Anniversary Meeting associated with 
the Silver Jubilee Celebration of the 
National Institute of Sciences of India. It 
is fit and proper that I begin my address 
on this occassion with a brief history of the 
Institute founded with the object of 
promoting the knowledge of Nature in¬ 
cluding its application for gaining 
increased control for the welfare of Man 
with special reference to India. 

In the year 1934, the late Dr M N Saha, 
following certain proposals made earlier 
by the Government of India, and in 
accordance with the wishes as expressed 
in certain resolutions adopted at meetings 
of representative scientists of the country, 
suggested, in the course of his Presidential 
address at the 21st Session of the Indian 
Science Congress at Bombay, that steps 
should be taken for the formation of an 
‘Academy’ of Sciences in India. The 
suggestion was discussed in a special meet¬ 
ing of the General Committee of the Indian 
Science Congress, and a representative 
committee, called the Academy Com¬ 
mittee, was set up to work out its details. 
The Committee worked for a whole year, 
overcame many difficulties, compromised 
many differences and submitted a detailed 
note on the constitution and the aims and 
objects of the proposed Academy under the 
title National Institute of Sciences of India. 
These were accepted, and, on 7th January, 
1935, the Institute was founded at a 
meeting held in the Senate House of the 
University of Calcutta under the Chair¬ 
manship of Dr J H Hutton, President of 
the Indian Science Congress Association 
of the year. The Institute was inaugurated 
by Sir John Anderson, the then Governor 
of Bengal, and the inaugural address was 


delivered by the first President of the 
Institute, Sir Lewis Fermor. What Sir 
John Anderson, a noted administrator 
who had begun his life as a student of 
science, said on this occasion is worth 
recalling today: Said Sir John, ‘I have 
never regretted the scientific training 
which I received during some of the most 
impressionable years of my life. I have 
not regretted it because I think that the 
detached outlook of the scientist mav be 
an asset to an administrator. Conversely 
I think that a knowledge of practical 
administration must often be helpful to 
a man of science... ’. This remark of 
Sir John Anderson—the desirability of 
the administrators having training in the 
scientific method and of the scientists 
in the administerial procedures remains as 
forceful today as it was a quarter of a 
century ago Nay, it is more so when 
the policy maker, the administrator, the 
scientist and the top executive have to 
work shoulder to shoulder, in close co¬ 
operation for economic planning and for 
the successful implementation of the 
planned projects. 

As I have just said, the Institute was 
founded to function as an Academy of 
Sciences. The model of its constitution 
adopted for the purpose was that of the 
Royal Society of London The rules for 
election of Fellows are similar, and there 
is also restnetion regarding the total 
number of Fellows to be elected (400). 
About ten years after the foundation 
(dunng 1943-45) the question of the 
recognition of the Institute by the Govern¬ 
ment of India as the representative body 
of scientists in the country was taken up. 
There were negotiations and discussions 
in which Professor A V Hill, the then 
Secretary of the Royal Society, who was 
in India at the time to advise the Govern- 



SK MITRA 


275 


ment on the co-ordination of scientific 
researches in India with corresponding 
investigations in Great Britain, took active 
part. As a result, the Government, in 
1945, decided to recognize the National 
Institute of Sciences as the premier 
society representing all branches of science 
in India. There were certain provisos, 
such as that the headquarters of the 
organization are to be at Delhi and that 
the Institute should have a Charter and 
should have statutory powers on the 
model of the Royal Society of London. 
The headquarters, which had been at 
Calcutta in the buildings of the Asiatic 
Society, were accordingly shifted to the 
Delhi University buildings From the year 
of this recognition the Government had 
commenced giving increased grants to the 
Institute to meet the expenses for publica¬ 
tion, research fellowship, publication grants 
to scientific societies and other costs. A 
capital grant for its building was also 
sanc|ioned in the same year. In April, 
1948, the foundation stone of its own 
building was laid by the Prime Minister 
of India, and its essential portion being 
completed in 1951, the Institute moved 
to Its own premises. The Institute had also 
been informed earlier, in 1945, that the 
question of granting a Royal Charter had 
been ‘taken up with His Majesty’s Govern¬ 
ment’. However, on the country gaining 
independence soon, after, the matter was 
not pursued Another question, namely, 
that of the recognition of the National 
Institute as the adhering body of the 
International Council of Scientific Unions 
and of its allied organizations, was taken 
up with the Government in 1947. It is, 
however, still undecided. Very recently 
the Ministry of Scientific Research and 
Cultural Affairs wanted to know bow the 
NISI may be developed on the lines of 
the Royal Society of London. Suggestions 
have been made in this regard and the 
matter is under consideration. 

Science in India 
The Council of Scientific and 
Industrial Research 

What has been the progress of science 


in India in the 25 years since the founda¬ 
tion of the Institute ? The progress can be 
gauged by the increase in the number of 
research laboratories, of research workers 
and of the scientific journals published in 
the country. A good index of the progress 
is the increase in the membership of the 
Indian Science Congress, the sponsoring 
body of the National Institute. Whereas 
the number of members (of all categories) 
enrolled in 1935, the year of inauguration 
of the Institute, was 907, that in January 
this year was 5,638, a sixfold increase. 

Much of this increased scientific activity 
has been due to the support which 
scientific research began to receive from 
the Government with the establishment, 
in 1940, of the Board of Scicntilic and 
Industrial Research, which later became 
one of the component units of the wider 
organization, the Council of Scientific 
and Industrial Research. Indeed, the 
adoption of the policy of sponsonng and 
encouraging scientific research at the 
government level—though at the time it 
was ‘actuated more by the urgent con¬ 
siderations of possible Axis aggression 
than to any national development’--was 
the greatest single event in the history oi 
the progress of science in the country in 
the last quarter of a century. It is grati¬ 
fying that the policy did not change with 
the cessation of hostilities It was rightly 
so, because, though the war had ended, 
the Axis combination of more powerful 
foes—poverty, ignorance and disease—• 
remained. And, the combination could 
only be fought with the aid of science. 
The CSIR, therefore, very justifiably con¬ 
tinued to exist, doing its useful work, 
sponsoring and helping scientific and 
industrial research and is now a wing of 
the Ministry of Scientific Research and 
Cultural Affairs. 

It is to be recorded that the expansion of 
the activities of the CSIR, with its 
National and Regional Laboratories, Re¬ 
search Committees, and sponsored research 
schemes, research scholarships and research 
fellowships and grants for scientific publi- 
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cations, has been due almost^ entirely to 
the imagination and initiative of our 
distinguished Past President the late Dr S 
S Bhatnagar, with the active support of 
the Prime Minister. 

I would take this opportunity of mention¬ 
ing the names of two other past Presidents 
for their conspicuous work in connection 
with the most important of our national 
activities—'Economic Planning. The late 
Dr M N Saha, for more than a decade 
before the launching of the First Five- 
Year Plan, had preached through press 
and from platform to educate the then 
Government and the public on the essen¬ 
tial need of such planned effort for a 
backward country like ours. The con¬ 
tribution of our immediate Past President, 
Professor P C Mahalanobis, to the drafting 
of the Second Five-Year Plan and his 
continued association with the Planning 
Commission are well known. We may 
also note that our incoming President 
Dr A N Khosla is also a member of this 
body. 

Progress in Science and Technology— 
Man’s Control over Nature 

It is interesting to recall today the state 
of science and of technology—Man’s con¬ 
trol over Nature—as it was 25 years ago 
at the time of the foundation of the 
Institute and to take stock of the progress 
made since then. A Physicist of 1935 
could very well have said that the funda¬ 
mental discoveries made since the closing 
years of the last century had already laid 
the foundation of the physical sciences 
and that further progress meant only 
filling odd gaps here and there. The 
claim was indeed justified. The four de¬ 
cades 1895 to 1934 gave us radioactivity 
and X-rays; relativity and quantum 
mechanics; photon, electron, proton and 
neutron; electronic structure of atoms and 
the physics of the molecules; cosmic rays 
and the expanding universe. Keeping 
pace with these discoveries in the physical 
sciences there were remarkable advances 
in the life sciences also: Discovery of 
vitamins, artificial parthenogenesis, carci¬ 


nogens; development of bioelectric tech¬ 
niques for research and diagnostic purpose 
(EGG and EEG), Pavlov’s conditioned 
reflex, Freudian psychoanalysis, and the 
beginning of a major breakthrough in the 
art of healing by the discovery of anti¬ 
biotics. The decades also ushered in the 
air age and the radio age accompanied 
by revolutionary changes in the modes of 
transport and communication. The former 
followed the developments of internal 
combustion engine and the latter the 
invention of the thermionic valve. Dis¬ 
tances measured in weeks could now be 
covered in days by air, whilst message- 
modulated electromagnetic waves could 
encircle the globe, via the ionosphere, in 
a matter of a tenth of a second. In the 
wake of these revolutionary developments 
came, as educator and entertainer, broad¬ 
casting, movie and talkie All these affected 
not only the everyday life of man, but 
also international relations. Truly, the 
world had become smaller. 

These were formidable achievements in¬ 
deed and could Justly be called epoch 
making. Nevertheless even a cursory survey 
of those during the last quarter ol a 
century shows that the discoveries and 
technological advances increasing Man’s 
control over Nature, as made during this 
period, are no less outstanding The 
three great landmarks of progress during 
this period are, the inauguration of the 
atomic (or rather nuclear) age in 1945— 
inaugurated unfortunately by a demon¬ 
stration of its destructive might only, the 
discovery in 1954 of the part played by 
nucleic acids (DNA generally and RNA 
in some cases) as carriers of genelical 
instruction and the advent of the space 
age in 1957 heralded by the launching of 
the first man-made satellite of the earth. 
According to many authorities, of the 
three, the second is the most important 
achievement of this age, far surpassing 
the other two in its potential effect on 
the future of the human race. 

Besides, this period witnessed the develop¬ 
ment of new branches of science and 
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technology and of new techniques for 
exploring nature and serving human needs. 
Thus have developed radio-astronomy and 
radio-telescopes; electron microscope and 
atom smashing synchrotons; radar and 
transistors; and cybernetics and automa¬ 
tion. The last named, a child of Electronics 
(which acquired serious meaning only 
during this period), is ushering in a 
second industrial revolution The first re¬ 
volution—which started some two hundred 
years ago—has freed man from the drud¬ 
gery of manual labour by providing him 
with power driven machine; the second 
is releasing him from the bondage of 
many types of mental labour by endowing 
the machine with sensory complexes simu¬ 
lating the human brain And, in our 
everyday life, to mention only a few at 
random, have appeared the jet plane, 
television, magnetic recorder and the 
various kinds of plastics and insecticides. 
It has truly been said that we are living 
in an age of explosive progress in science 
and technology. 

To what has this explosion been due^ 
The exigencies of the two World Wars, 
specially the second one, has certainly 
been a great contributory factor. The 
Governments of the belhgerent countries 
were vitally interested in the development 
of new instruments of offence and defence 
and they sought the aid of scientists and 
technicians for the purpose The scientific 
man power and the industrial resources 
of the respective countries were thus 
mobilized for research and development. 
The results obtained were beyond all 
expectation, and the lesson was learnt 
that fundamental research was at the root 
of all progress. This was not forgotten 
when the hostilities ended. Generous 
support continued to be given to scientific 
research, both by Governments and by 
many of the larger industrial establish¬ 
ments: the former because of its continued 
defence interests, and the latter, because 
such researches were expected to bring 
in rich practical dividend. 

The second factor responsible has been 


the adoption of a policy of planned attack, 
supplanting largely the lone effort of 
individual scientific worker. Specific prob¬ 
lems are now subjected to intensive study 
by research teams consisting of workers 
from many disciplines ‘fusing their talents 
and techniques’. Chemists work in colla¬ 
boration with physicists and mathemati¬ 
cians, biologists co-operate with chemist 
and physicists, and medical sciences re¬ 
quisition the aids of all the basic sciences 
and of the latest electronic and mechanical 
engineering devices. 

Finally, it is not a one-way traffic—• 
wherein science only piomotes technology; 
technology in its turn reciprocates by 
providing new and powerful tools for ex¬ 
perimental rescaich. Science and techno¬ 
logy, helping each other, have contributed 
significantly to the quickening of the pace 
of progress. 

Man and Nature 

Alongside of science, gaining greater and 
greater control over Nature, there is 
persistent effort to penetrate deeper and 
deeper into Nature to undeistand it and 
interpret it in all its aspects. However, 
in the course of this effort, by observation 
and by application of reasoning, the 
scientist has come to a stage beyond 
which he cannot proceed; this liolds both 
in the case of the physical world and in 
that of the biological world. Boundaries 
of knowledge appear to have been reached 
which cannot be crossed. This is due not 
to any lack of experimental technique or 
to inadequacy of the dialectic tool but 
to the very nature of things inquired into. 
The situation has made the scientist face 
questions which belong to realms of meta¬ 
physics and philosophy. We find today 
top-ranking scientists concerning them¬ 
selves with such questions as coexistence 
of the external and the internal world, 
the possibility of the natural laws being 
products of the human mind, relation¬ 
ship between the observer and the 
observed and that between mind and 
matter, and the criterion of certainty. 
It seems strange that a scientist whose 
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job, according to popular conception, is 
to create and satisfy material needs 
through discoveries and inventions, should 
have to face questions of philosophy which 
were once thought to be mental exercises 
only. 

I will take the liberty of making a few 
observations on the situation that has 
thus ansen and the attitude of the 
present-day scientists towards it. Let me 
first recapitulate briefly how limits have 
been set upon our knowledge in three 
widely different fields of scientific enquiry. 
The world of atoms and sub-atoms, the 
cosmic world and the world of life. 

The atomic and sub-atomic world: In this 
world where space and time are measured 
in milhonths and billionths of their res¬ 
pective units (centimetre and second), 
the limit is imposed by the famous Un¬ 
certainty Principle based on the experience 
that an observer cannot carry out any 
observation without disturbing the state 
of the observed object The observei with 
his equipment is, in fact, an inseparable 
component of the observed in any pro¬ 
cess cf observation. As a result, it becomes 
impossible, even in principle, to make 
simultaneous precise measurement of pairs 
of quantities like position and velocity of 
a body for predicting its future state of 
motion. The limitation is of little con¬ 
sequence when the scale is large. But, 
for the atomic and sub-atomic world it 
becomes important and far-reaching. We 
cannot, for example, form a detailed 
picture of the motions of electrons round 
an atom. We have to remain satisfied 
with only a hazy picture representing 
our uncertain, probable knowledge. Take 


another example. A particle on one side 
of a thin screen, with two closely spaced 
holes in it, is found to be on its other 
side at a later time. In common parlance 
we say that the particle must have passed 
through one of the holes to the exclusion 
of the other. Such statement cannot be 
made if the particle is an electron. On 
the other side of the screen our working 
knowledge will be, it has passed through 
both the holes! 

The indeterminacy of our knowledge also 
follows from a consideration of the well- 
known dual character of matter and 
radiation. Matter (electron), in one set 
of experiments, presents the picture of 
wave motion; in another set that of 
particles. So also is the case with radia¬ 
tion (photon). Each kind of picture is, 
however, incomplete in the sense that it 
does not give all the precise infoimation 
necessary for predicting the future stale 
of the entity—matter or radiation. Our 
knowledge of the state as gained from 
experimental observation is thus always 
indeterminate. The limit to which one of 
the two picture analogies may be ‘pushed 
without contradicting the deductions as 
may be made from the other, leads to 
the mathematical formulation of the 
uncertainty principle.* 

It should, however, be mentioned that 
the sacrifice of certainty and the limita¬ 
tions in our knowledge of details has its 
compensation also. To give one example, 
the fundamental principle that no distinc¬ 
tion can be made between two electrons, 
when pursued logically with mathematical 
reasoning taking account of the conse¬ 
quences of ‘indeterminancy’, tells us how 


*According to Bohr the duality is not inherent m the photon or electron. It is the mode of observation, 
the experimental apparatus employed, that, depending upon its nature, makes the entity appear either 
as wave or as particle. No ^penment has yet been devised by which both the pictures may be obtained 
simultaneously. The two pictures which they present are not contradictory, but complementary. Our 
difficulty m describing the situation arises in the limitation of our language which was invented to describe 
experiences not concerned with processes occurrmg widtin atoms. Only the things of whidhi we can form 
mental picture, as a result of our daily experience, can be described by our language. A logical conse¬ 
quence of the ‘complementanty’ of the particle picture and the wave picture is thus, that it is not possible 
to assert categorically the state in which the fundamental entity (electron or photon) exists between two 
acts of observation. This means that we have to give up the idea of objective existence, say of electrons, 
independent of any observer. This extreme standpoint is not, however, fevoured by Einstein’s school. 
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the two atoms of a hydrogen molecule 
are held together (Exchange Force). 

The cosmic world: In the study of the 
cosmic world—^space strewn with galaxies 
and their clusters—where distances are 
measured in hundred and thousand 
millions of light-yearst and the evolu¬ 
tionary history in similar figures in years, 
the famous ‘Red Shift’ sets a limit to 
oui possible knowledge oi the Universe. 
Observations show that the more distant 
a galaxy or a galactic cluster is the 
redder it is. The interpretation of this 
strange result, according to the well- 
known Doppler Effect, is that the galaxies 
are receding, the velocity increasing with 
distance. Every increase in distance by 
a million light-year, incieases the reces¬ 
sion speed by about 30 km/sec. For a 
galaxy at a distance 10,000 million light- 
years, the speed is about that of light. 
The intensity of radiation received from 
such a galaxy is nil and, so far as a 
terrestrial observer is concerned, it is 
disappearing over his observable horizon^. 
Our knowledge of the extension of the 
Universe in space and time is limited by 
this horizon—10,000 million light-years 
away. No increase of the power of the 
telescope will enable us to explore regions 
in space or epochs of time in the past 
beyond those fixed by this limiting figure. 

Our possible knowledge of the future of 
the universe, and, generally of its large 
scale behaviour, becomes also limited if 


we accept the latest Cosmological Theory, 
the Steady-State Theory. According to 
this theory the matter disappearing over 
the‘horizon’ is being continuously replaced 
by creation of new matter. Combined 
with the ‘homogeneity hypothesis’,* the 
theory means that observed from any 
position in space-from another galaxy for 
example, or at any other epoch of time, 
past or future, the universe always presents 
the same picture: Space strewn in all 
directions with similar patterns of receding 
galaxies and galactic clusters, new galaxies 
forming out of matter continuously created, 
galaxies ageing and ultimately passing 
out of sight Nothing more can be learnt 
about the large-scale behaviour of the 
universe than we can learn from the 
position we occupy j 

The world of life: In the world ol life, 
the boundary of scientific knowledge still 
is what separates the world accessible to 
the senses, the external objective world, 
from that of feehng and consciousness 
within, the internal subjective world The 
boundary persists (its seat is in the brain 
of the scientific worker himself!) notwith¬ 
standing the remarkable advances made 
in new fields of the science of life, like 
molecular biology and brain-body lela- 
tions. Living molecules have been dis¬ 
covered which produce their icplica by 
duplication in suitable environment, 
chemical compound has been identified 
which regulates social life of certain 
insect communities (bees); physiological 


fit IS well to recall that a light-year is equal to 9*5 x 10** km, that is, about 64 thousand times the earth- 
sun distance. 

f According to a recent report the farthest galaxy observed—with both optical telecope and radio-telescope- - 
IS receding at nearly half the speed of light. It is thus not far from the ‘edge’ of the universe. 

*The ‘homogeneity hypothesis’ postulates that in the large-scale, ignoring local small-scale irregularities, 
the galaxies and the galactic clusters are homogeneously distributed. This, in other words, means that 
the universe as a whole is isotropic not only about our position but about any position. The foimer may 
be inferred from the finding that so general a projierty as the motion of the galaxies is the same for all 
directions. But, if the universe were isotropic about our position only, the terrestrial observer would be 
in a highly favoured position, at the centre of the universe as it were. This is very difficult to accept for 
philosophical reasons. 

f As an alternative to the Steady-State Theory there is also the Evolutionary Theory. Accordmg to this 
theory, the universe was created some 10,000 million years ago with the explosion of a highly dense mass 
of matter—the ‘primeval atom’. The receding galaxies are the result of this explosion. The theory may 
be justified mathematically. But it leaves one unsatisfied. How and when was the dense mass of matter 
created and what was the state of aflfairs before this creation ? If matter could be created out of nothing 
once, why cannot it be so created contmuously? 
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Stimulation of certain brain centres has 
been found to bring into the realm of 
consciousness one’s past experiences; it 
has been shown that one’s mental make¬ 
up is dependent on circulatory hormones, 
and it is claimed that just as the physical 
sciences have given us control over the 
physical world, so the life sciences will 
one day enable us to control the internal 
world. We are nevertheless still ignorant 
of the nature of the psycho-physical 
coupling which transforms a nervous 
impulse ending in certain parts of the 
brain to conscious sensation, though, with 
the aid of modern electronic apparatus, 
we may trace the propagation of the 
impulse along a sensory nerve fibre from 
a receptor end-organ to the coupling 
point. 

Consideration of these illustrations, drawn 
from three widely different fields of 
scientific endeavour, gives one the im¬ 
pression that Nature, under one pretext 
or another, refuses to give up her ultimate 
secrets. Why this should be so? The 
dogma that these are things too impious 
to search for, too wonderful to know is 
repugnant to scientific mind. A scientist 
today would rather agree with the view, 
held by many eminent men of his pro¬ 
fession, that the basic assumption of 
scientific enquiry, that there exists a real 
world of matter and energy in space-time 
independent of the observer, does not 
perhaps represent the whole truth. The 
observer is perhaps an inseparable part 
of the world he is observing. He has 
stepped out of it only for the sake of 
convenience, to systematize his knowledge 
of what is outside of his self. He has 
thus unwittingly and artificially dicho¬ 
tomized Nature into an internal subjective 


world and an external objective world 
He now wants to step back into it t( 
have a closer view. The result is confusion 
part trying to understand the whole. I 
is easy for the scientist today to agre< 
with the philosophy that Man is one witl 
Nature, that mind and matter are onb 
different facets of a single reality and tha 
if the laws of the external world an 
creations of the human mind, the exis 
tence of the human mind require 
indispensable partnership with Nature. 

The Future of the Institut4 

In concluding my address I would lik( 
to remind the Fellows that of the 12( 
Foundation Fellows with whom the Insti 
tute started in 1935, only 42 are in the 
land of living today. They all—and ] 
happen to be one of them—rejoice or 
the Institute completing its 25 years o 
fruitful existence. The future of the 
Institute now rests with the youngei 
generation. This is as it should be. Ar 
individual’s life is limited, an Institution’, 
need not be so. It may remain perpetually 
alive, being ever rejuvenated by the in 
fusion of youthful blood. I am suic oui 
youthful Fellows on whose efforts anc 
activities the future growth of the Insti 
tute depends are alive to the fact tha’ 
we are living in an age of scicnlific 
revolution when application of science 
and technology to the welfare and cco 
nomic progress of a nation is a vital issue 
and when, as never before, there is urgeni 
need of strengthening the activities of ar 
institution like ours. They will, 1 have 
no doubt, spare no pains to do anc 
perform all such ‘acts, matters and thing! 
that may assist in, conduce to or be 
necessary for the fulfilment of the aim; 
and objects of the National Institute’. 




Dr A N Khosla, former Governor of the 
State of Onssa (1962-68), was born on 
December 11, 1892 at Jullundur, Punjab. 
He graduated in Engineenng from Roorkee 
University in 1916 and later received 
Doctoral degree in Engineering {h.c.) 
from Rensselaer Polytechnic Institute, 
USA, Roorkee University and Doctorate 
in Science {h c.) from Sambalpur Univer¬ 
sity. Dr Khosla was the Chief Engineer, 
Irrig?ition Branch, Punjab and Secretary 
to Punjab Government, (1943-45), Con¬ 
sulting Engineer, Government of India 
and Chairman, Central Water and Power 
Commission and Additional Secretary, 
Ministry of Works, Mines and Power, 
Government of India (1945-53), Special 
Secretary to the Government of India 
(1953-54), Vice Chancellor, Roorkee Uni¬ 
versity, 1954-59, before joining as Governor 
of Orissa State in 1962 He was a Member, 
Rajya Sabha (1958-60) and Member, 
Planning Commission, Government of 
India (1959-62), Hony Life Member, Insti¬ 
tution of Engineers, Member, American 
Societv of Civil Engineers, Member, 
American Concrete Institute and Chair¬ 
man, Board of Consultants of Bhakra 
Board, Sabargiri Board, Beas Board, 


Balimela, Yamuna Board, Maneri Bhah 
Board and Ram Ganga Board till 1975. 
Dr Khosla has received S S Bhatnagar 
Medal (1975) and was conferred the 
titles of Padma Bhushan (1954) and the 
Padma Vibhushan (1977). 

Dr Khosla has contributed to the re¬ 
searches in levelling across rivers (invented 
the Khosla Dist), researches in concrete, 
reinforced concrete and precast units; 
hydraulics, particularly flow of water in 
porous sub-soils, designs of weirs on pre- 
meable foundations and uphft pressure 
under dams; researches in silting of 
reservoirs, and also in runoflT-ramfall re¬ 
lationship and flood intensities. 

Besides this he has carried out investi¬ 
gations for Bhakra Dam Project, the 
Headworks of the Sutlej Valley Project; 
established River Discharges Division; con¬ 
structed Suleimanke barrage and Trimmu- 
barrage; reconstructed Khanki barrage; 
earned out large scale drainage and 
reclamation works and prepared several 
other storage and power projects in 
Punjab. 


♦Address. 15 Jangpura ‘B’, Mathura Road, New Delhi-llO 014. 



SCIENCE AND ENGINEERING 

A N Khosla 

(delivered at Cuttack on January 1962) 


It is a rare privilege for me to preside over 
the Anniversary Meeting of this premier 
Institute of Sciences of India I have had 
the opportunity of presiding over a number 
of national and international engineering 
institutes, associations, conferences and 
boards and also some scientific bodies like 
the Engineering Section of the Indian 
Science Congress, the Central Board of 
Geophysics, the Fifth Congress on 
Theoretical and Applied Mechanics, but 
this is the first opportunity for me to 
address a gathering of the foremost 
scientific talent of the country, including 
engineering 

I happen to be an engineer by training 
and by profession I have had opportunities 
for carrying out research in engineering 
and related sciences, notably in the field 
of flow of water through subsoils in rela¬ 
tion to the stability of structures founded 
on permeable soils. Other researches per¬ 
tained to levelhng of precision across wide 
expanses of water or widely separated 
mountain peaks, rational concept of run¬ 
off as residual of rainfall after making 
allowance for evapotranspiration loss 
expressed as a function of mean tempera¬ 
ture ; long-span roofs of the order of 500 ft 
without intermediate supports made up of 
3 in thick reinforced concrete precast 
trough units, etc., but I must confess that, 
while some of my work may rank as 
classical and constitute an original and 
significant contribution to engineering, 
my achievement and contribution in the 
realm of pure science can only be con¬ 
sidered as relatively insignificant. 

I have made this plain confession to high¬ 
light the generosity and spirit of accom¬ 
modation of the Fellows of the Institute 
in electing me their President despite my 
limitations, the all-embracing character 


of this National Institute and finally the 
oneness of science and engineering 

I understand it is customary for the 
President to take for his Anniversary 
Address a subject of his specialization in 
which, by virtue of his deep study and 
research over the years, he has acquired 
special competence and expert knowledge 
But I pioposc to make a departure from 
tradition and talk on a subject which, 
though not in the field of my specialization, 
is nevertheless within my purview as 
Member, Planning Gommission for Educa¬ 
tion and Scientific Research This subject 
IS Science and Engineering It is of funda¬ 
mental importance for the successful im¬ 
plementation of the Third and subsequent 
Five-Year Plans and for the achievement 
of the ultimate goal of all scientific 
progress, namely, the spiritual and material 
advancement of the human race. 

I am convinced that science and engineer¬ 
ing are only diffeient facets of the same 
entity and that the somewhat common 
misunderstanding among us that .science 
and engineering are two different entities 
must go, if science in this country has to 
make its full contribution m the develop¬ 
ment of our human and natural resouices 
Basic research leads to new knowledge 
It provides scientific capital. It creates 
the fund from which the practical apph- 
cation of knowledge must be drawn 
Basic research is also the pace-maker of 
technological research Science creates new 
ideas. Engineering, faced with unsolved 
problems, demands knowledge and this 
stimulates further scientific investigation. 
It also provides new tools, materials and 
techniques for science and for the exploita¬ 
tion of previous scientific breakthroughs. 
The interplay of science and engineering, 
of discovery and invention, have brought 
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about the evolution of machines and 
techniques to meet and provoke the 
demands of modern society. The steam 
engine, for instance, is a product of 
science but science, in turn, owes much 
more to the steam engine, because of 
the stimulus provided by it to thermo¬ 
dynamics. ‘New discovenes like Faraday’s 
electromagnetic induction brought into 
being new industries and new techniques; 
applied mathematicians like Rankine and 
Lanchester did much to remove empiricism 
from engineering design; and new inven¬ 
tions like Parson’s turbine and Whittle’s 
jet engine changed fundamentally the 
path of development. It made possible 
the huge generators we use today with 
manifold economies. Faraday’s theories 
based on experimental researches were 
given form and precision in Clark 
Maxwell’s electromagnetic theory, which 
prompted Hertz to investigate resonating 
circuits, the starting point of radio com¬ 
munication ’ The discoveries by J J 
Thomson and Rutherford ‘of the electron 
and the nuclear atom opened new vistas. 
The science of electronics with Fleming 
valve and Appleton’s discovery of the 
ionosphere led on to the development of 
radar and eventually to radio astronomy.’ 
Electronics has provided industry with 
devices swifter and more accurate than 
the human senses and made possible the 
modem computer which, with its speed 
and memory, has intensified so much the 
power of the human brain. The develop¬ 
ment of the nuclear reactor has removed 
any fear that the world may be short of 
energy in the future. The space ships, the 
atomic power plants, solar batteries, 
transistors, means for desalting sea water, 
etc.,_ are other examples of the interplay 
of science and engineering. Taken together, 
these two aspects of research, science and 
engineering are the mightiest force in 
human advance. 

Research investment in the scientifically 
and technolo^cally advanced countries 
has been growing at an exponential rate, 
this growth being maximum during and 
since World War II. 


The USA’s total expenditure in 1961 
for science and engineering education 
and for basic and applied research is 
about $10 billion (nearly 4,800 crores of 
rupees) or approximately 2 per cent of 
the $505 bilUon gross national product. 
This IS made up of: 

Science and engineering 
education {a) high school level $2 6 billion 

,, {b) college and post¬ 
graduate level $2 1 „ 

research (a) basic Sl’8 „ 

„ (b) applied $3'2 „ 

Total $9-7 „ 


The anticipated expenditure on scientific 
and technological research in the Third 
Five-Year Plan of India is about Rs. 200 
crores, or Rs. 40 crores per year, or 0 21 
per cent of the Rs 19,000 crores national 
product in 1965-66. 

With the growing pace of development 
of natural resources and industry, the 
need will be increasingly greater for a 
pattern of engineering education which 
has an integrated course content of engi¬ 
neering and basic sciences, more parti¬ 
cularly mathematics and physics. Our 
aim must be to find new knowledge 
through basic research and prepare future 
scientists and engineers through science 
education. In our scheme of teaching, 
it should not be so much the passing on of 
established truths as showing the way to 
criticize and discover new truths, the 
emphasis being on discovery rather than 
knowledge. Science education and techno¬ 
logy are interlinked. Improvement of one 
raises the quality of the other. 

The aim of science is to know and under¬ 
stand the ways of the universe—‘from the 
forces in the atomic nuclei to the motion 
of stars, from the growth of a living cell 
to the functions of the brain, from the 
measured responses of man to the dynamics 
of social organization’. 

The foundation of scientific progress is the 
college and postgraduate education of 
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scientists and engineers and the research 
that IS integrated with that education; 
and these latter have as their base all that 
IS taught in elementary and high schools, 
particularly in mathematics and science. 

Advancing technology has transformed 
life in Europe, the USA, and the USSR 
and has helped these countries to achieve 
the highest standards of living. Machines 
have relieved man of drudgery and freed 
him for less arduous tasks and far greater 
leisure. Mechanization and use of ferti¬ 
lizers have increased the productivity of 
the farm. The average life span has risen 
to almost 70 years as a result of advance 
in medical sciences. 

But technology cannot advance except 
through interaction with science The 
engineer increasingly meets problems 
which can no longer be solved through 
empiricism. The trial and error approach 
of the past is too slow and too costly and 
may involve risk of failure. So he must 
turn to science With the new information 
from science and existing technology, the 
engineer will be in a position to pro¬ 
gressively solve most problems. The 
broader understanding of science speeds 
development, cuts the lag between idea 
and product The greater the pace of 
technological advance, the greater and 
more frequent the need lor science. 

Scientific talent is a scarce resource Every 
young person who shows desire and the 
capacity to become a scientist should be 
ensured the opportunity to do so and every 
scientist who is prepared to make and is 
capable of making scientific contribution 
should be ensured the opportunity to do 
so. Our aim should be superior quality 
and not mere numbers of our scientists and 
engineers. This can be achieved through 
superior teaching. High intelligence alone 
will not ensure quality. Success further 
requires creativity in conceiving new 
ideas, ingenuity in devising new techni¬ 
ques and experiments, vigour and tenacity 
in pursuing new ideas and experiments 
to the very end. 


Science and technology have made pro¬ 
gress at a fantastic pace during World 
War II and have registered tremendous 
advances in all fields of human interest. 
More spectacular among these are the 
advances in nuclear science, space research 
and earth satellites. Of the scientists that 
have brought about the present status 
of development in science and engineering, 
some were pure theonsts who worked 
with and dug deeper into the basic con¬ 
cepts of science. There were others who, 
in addition to theory, explored and experi¬ 
mented. There were still others who spent 
most of their thoughts and time in a 
laboratory, proving things, developing 
things and bringing the theorist’s theories 
closer to leality. These latter weie the 
realists of scientific fraternity .A,nd then 
there were the engineers who ronsuin- 
mated the research effort into physical 
reality and brought into being the modem 
offspring of science, such as automation, 
transistors, computors, television, sub¬ 
marines, earth satellites, space ships, and 
so on 

Organized research in pure science in 
India has been in existence for over a 
quarter of a century Research in engmeei - 
ing, except in the field of hydiaulics, is, 
however, of recent growth. By and large, 
we are still living on the discoveries and 
inventions of other nations. Due to 
political dependence before 1947, we 
made a late start in scientific research and 
that too in the abstract without any 
incentive to translate its results into 
concrete physical reality. Engineering 
research started still later and much after 
independence. 

A chain of National Laboratories, the 
Atomic Energy Establishment, Defence 
Science Laboratones, various departmental 
research laboratories, research centres and 
schools at the universities and some 
private research organizations have sprung 
up since independence; but there is 
insufficient co-ordination of research, 
firstly, between the various research acti¬ 
vities, secondly, between the national 
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laboratories, departmental laboratories, the 
universities, other research organizations 
and industry, and thirdly, there is in¬ 
sufficient Liaison and understanding 
between pure scientists and engineers. 
There is considerable lag between scientific 
discovery and its utilization for produc- 
tiuh. If India has to catch up and be 
reasonably self-sufficient in relation to her 
needs in science and technology and has 
to be in a position to contribute to world 
knowledge in keeping with what she 
receives out of that world pool, there 
must develop among scientists, engineers 
and politicians a sense of awareness, of 
urgency and of purposeful action. The lag 
between discovery and production has 
to be cut down. There has, in effect, to be 
some sort of a ‘crash programme’ as in 
a war emergency—a type of approach 
where research is entrusted not to a few 
experts but to hundreds, in teams, so 
that many difficult lines of investigation 
can be followed simultaneously and things 
scientific can be accomplished in a fraction 
of the time normally required. In other 
words, we have to move forward from the 
abstract to the concrete and from the 
individual to team action But in all this, 
we must make sure that the basic require¬ 
ments of independence and objectivity 
of the scientists are scrupulously respected. 
We are no longer in a position to wait for 
things to happen in the routine course—■ 
we have to force the pace, define objectives, 
formulate programmes and take vigorous 
and sustained action to achieve their 
implementation. 

Such a ‘crash programme’ was successfully 
carried through during World War II 
in the USA under the purposeful and 
dynamic guidance of Dr Vannevar Bush 
as Director of the Wartime Office of 
Scientific Research and Development 
Dr Bush, known as a scientists’ scientist, 
was a scientist, an engineer and an admi¬ 
nistrator, all rolled in one 

‘Dr Bush fathered and guided the War 
Science programme so well that, for the 
first time, research was put on a highly 


co-ordinated basis. The work of at least 
a decade was compressed into the three 
and a half war years. Duplication of effort 
was greatly reduced. Instead of many 
scientists working independently in many 
directions towards a single solution, a 
problem was split up and a crew of 
experts, each in the top of his own specia¬ 
lized field, worked on portions of it 
towards a co-operative result. The research 
varied from jet planes and new medicines 
to radar and atomic energy.’ 

Vannevar Bush was science’s skilled orga¬ 
nizer with thirty thousand physicbts, 
chemists, engineers and doctors imder 
his direction. He achieved spectacular 
results despite the persisting prejudices 
against scientists and the petty professional 
and political jealousies. 

Born in 1890, Dr Bush graduated in engi¬ 
neering from Tufts in 1913 and got his 
Doctorate in engineering both from 
Harvard and MIT. During World War I 
he perfected the submarine-detecting 
device. He made many important contri¬ 
butions to science and engineering. In the 
1920’s he developed a miniature power 
network analyzer and in 1935 MIT’s 
advanced differential analyzer, the giant 
electronic brain, which later helped solve 
many of the wartime problems in atomic 
physics, acoustics, ballistics and structures. 
In him, nature has seen fit to compound 
harmoniously many elements—science, 
engineering and more than that, those 
human characteristics which command 
the respect, admiration and loyalty of his 
co-workers. 

I have dilated on the story of Dr Vannevar 
Bush, because he combines in himself the 
best that is in a scientist, an engineer and 
a man, and because the way he organized 
science to do the wartime job assigned 
to him is the one way which scientifically 
and technologically backward nations must 
follow if they mean to catch up. 

Dr Atma Ram in his Shanti Swarup 
Bhatnagar Memorial Lecture delivered 
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at Delhi on 6th October, 1961, On the 
M^ing of Optical Glass in India, drew 
pointed attention to the phenomenal 
success in the 1880’s of the German 
venture ‘Jena Optical Glass’ as a result 
of the close collaboration between science 
and engineering through Ernest Abbe, 
the physicist, Otto Schott, the chemist 
and glass-maker; and Carl Zeiss, the 
optical instrument manufacturer. In con¬ 
trast, he mentioned the failure, in the same 
period, of the British venture of optical 
glass-makers for lack of such collaboration 
between the scientist and the glass-maker, 
both of whom, while striving for the 
consummation of their long researches, 
failed to achieve results because of lack 
of collaboiation 

This again demonstrates that science and 
engineering must be harnessed in full 
collaboration, if science and technology 
are to take a real jump forward and make 
effective contribution to the economic 
growth of the country. 

It IS only through science and engineering 
that modern society can hope to advance, 
attain higher living standards and a fuller 
life. But are we doing enough in this 
direction and following the line of action 
which will ensure achievement of our 
planned objectives^ 

The Scientific Policy Resolution of 4th 
March, 1958, with the approval of the 
Parliament, became the basic document 
of national scientific policy for the support 
and encouragement of science education, 
scientific research, technology and train¬ 
ing of scientific and technical personnel 
Sections 6 and 7 of the Resolution read as 
follows. 

*6. Science has developed at an ever-mcreasing pace 
since the beginning of the century, so that the gap 
between the advanced and backward countries has 
widened more and more. It is only by adopting the 
most vigorous measmes and by putting forward 
our utmost effort into the development of science 
that we can bridge tbe gap. It is an inherent obliga¬ 
tion of a great country like India, with jts traditions 
of scholarship and original thinking and its great 
cultural heritage, to participate fully in the march 


of science, which is probably mankind’s greatest 
enterprise today,* 

‘7. Tne Government of India have accordingly 
decided that the aims of their scientific policy will 
be— 

(1) to foster, promote, and sustain, by all appio- 
pnate means, the cultivation of science and 
scientific research in all its aspects—puie, 
applied and educational; 

(2) to ensure an adequate supply, within the 
country, of research scientists of the highest 
quality, and to recognize their work as an 
important component of the strength of the 
nation; 

(3) to encourage and initiate, with all possible 
speed, programmes for the tiaimng of scientific 
and technical personnel, on a scale adequate to 
fulfil the country is need in science and educa¬ 
tion, agriculture and industry and defence, 

(4) to ensure that the creative talent of man and 
woman is encouiaged and finds full scope 
m scientific activity, 

(5) to encourage individual initiative for ihi acqui¬ 
sition and dissemination of knowledge, and the 
discovery of new knowledge, m an alinuspheie 
of academic freedom; 

(6) and in general, to secure for the people of the 
country all the benefits that can accrue from 
the acquisition and application of scientific 
knowledge ’ 

‘The Government of India have decided to pursue 
and accomplish these aims by offeung good condi¬ 
tions ol seivice to scientists and to accord them an 
honoured position, by associating scientists with the 
formation of policies, and by taking such other 
measures as may be deemed necessaiy fiom time to 
time.’ 

This Scientific Policy Resolution sets lorth 
in clear terms India’s problems and 
objectives and the steps the Government 
have decided to take in achieving these 
objectives. Among others, it assures to the 
scientists good conditions of service, 
academic freedom and an honoured posi¬ 
tion by associating them with the formula¬ 
tion of policies. 

The two giants of science and technology 
today are the USA and the USSR The 
USSR IS said to be somewhat ahead m 
the content of science teaching in the 
high schools, m the wide coverage in 
numbers, in liberal provision of funds and 
in improving the conditions of work of 
scientists. The USA has taken quick note 
and is making adjustments. Both countries 
are encouraging initiative and freedom of 
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action in matters concerning science and 
technology. India can with profit take 
lessons from the direction in which the 
energies and resources of these two giants 
are being channehzed. 

In the USA, it is recognized that science, 
and science education starting from the 
high school, are of vital importance in 
the growth of the nation and that the 
teaching and course content must undergo 
frequent review for up-to-dateness. They 
also recognize that the wisdom with which 
science is brought to bear upon the pro¬ 
blems of coming years will determine, in 
large measure, the future of the nation, 
and further that a nation which depends 
on others for its new basic knowledge will 
be slow in its industrial progress and weak 
in its competitive position in the world 
trade, regardless of its mechanical skill. 

It is also recognized that the simplest and 
most effective way in which industrial 
research can be strengthened is to support 
basic research and to develop scientific 
talent. Colleges and universities must 
furnish both new scientific knowledge and 
the trained research workers It is through 
basic research m biology, biochemistry 
and other sciences, for example, that solu¬ 
tions of major disease problems are to be 
reached. It is wholly probable that progress 
in treatment of cardio-vascular disease, 
renal disease, cancer and similar refractory 
diseases will be made as a result of funda¬ 
mental discoveries in subjects unrelated 
to these diseases and perhaps entirely un¬ 
expected by the investigator. 

Economic growth and development of 
new products in industry are dependent 
upon rich resources of basic knowledge in 
relation to methods and techniques of 
basic research essential to training and full 
development of skilled research investi¬ 
gators 

During the Second Five-Year Plan, there 
were set-backs and gaps in the implemen- 
tion of the Plan in the vital sectors of 
industry, power and transport mostly as 


a result of shortage of foreign exchange 
and technical know-how. The priorities 
in the Third Plan, apart from agricul¬ 
ture, are for basic industries, power, 
transport and their essential comple¬ 
ments—technical education and scientific 
and technological research. Adequate pro¬ 
vision has been made in the Plan for 
technical education but not enough for 
science education or basic and applied 
research. Unless science teaching improves 
and catches up with up-to-date deve¬ 
lopments, and indigenous basic research 
provides increasingly new knowledge, our 
progress of basic industries is going to be 
slow and expensive mainly because of 
lack of adequately equipped scientists 
and engineers in required numbers and 
of lack of specialized knowledge. Industry 
can fully meet internal demands and 
provide goods for export at competitive 
rates only if bulk of the raw materials, 
technical skill and basic research are of 
indigenous origin. It will, therefore, be 
necessary in the Third Plan to lay special 
emphasis on science teaching, technical 
education, research and co-ordination of 
research, and on cutting the lag between 
discovery and its utilization. It will be 
necessary to co-ordinate more effectively 
the various research activities, the work 
of the national laboratories, the atomic 
energy establishment, departmental labo¬ 
ratories, universities, private research or¬ 
ganizations and industry and in particular 
to encourage basic research in universities. 
The training of scientific research workers 
will have to be given high priority. 

Indian science and technology have 
already started achieving results in 
various fields of industry. The deve¬ 
lopment of stainless steel out of indi¬ 
genous materials, the manufacture of 
optical glass with techniques and materials 
exclusively developed in India, of elec¬ 
tronic instruments and isotopes, the utili¬ 
zation of low grade coals for metallurgical 
purposes and of industrial and agricultural 
wastes and the development of several 
new processes and techniques are a 
significant contribution to the industrial 
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and economic progress of the country. 
But all said and done, we have only 
touched the fringe of the problem. 

The National Institute of Sciences is 
presumed to be the nerve centre of 
science in India It can and must play 
a positive role in recommending policies 
and directing research towards concrete 
achievement in the shortest possible time. 
For this purpose, science and engineering 
must advance side by side, each one 
enriching the other, so that discovery 
leads to production without lag The 
Institute has to ensure up-to-dateness 
in everything i elating to science and 
engineering educalion and in basic and 
applied lesearcli, through a caielully 
lilanned piogiamnie of documentation 
and literaluie exchange with national 
and international scientific bodies. 

The International Geophysical Year of 
1957-58 and the International Gonference 
on the Peaceful Uses of Atomic Energy 
aic two impressive examples of inter¬ 
national co-operation in science and India 
has been an active member in both It 
may be in the common good if nations 
could agree and co-operate on the scienti¬ 
fic and practical aspects of Outer Space 
research 

India may consider the appointment of 
Scientific Attaches to our selected Embas¬ 
sies, say in the USA, the USSR, Canada, 
Germany, France, Switzerland, Japan, 
etc., so as to remain informed of latest 
developments m the fields of science and 
engineering education and basic and 
applied research. A Scientific Attache 
has already been posted in the UK. 

Advancement in science and technology 
will be rapid or slow depending on the 
number of really first class men who are 
engaged in the work in question. So in 
the last analysis the future of science in 
this country will be determined by our 
basic educational policy. We must ensure 
improvement and up-to-dateness in the 
teaching of science. We must evolve 
programmes to provide to gifted students 


at the graduate, undergraduate and 
secondary school levels research experience 
and educational opportunities far beyond 
those offered by the normal curriculum 
and to ensure that those with special 
aptitudes and ability, from whatever 
walks of life, have the fullest opportunity 
for the realization of their talent. 

For the young research worker, we must 
make sure that his talent and potential 
for creative work are not suppressed or 
hampered by hierarchy or bossism and 
that he gets full credit and recognition 
for original and creative work Originality 
and creativity arc not the monopoly of 
advanci'd age and long experience They 
can ecjually be the privilege of youngci 
people, if they aie given the oppoitumly 
and the scope lor th(‘ devt'lopnu nl o( 
their potential talent. 

We have many young Indian scientists ol 
outstanding talent scattered over Europe 
and America, holding responsible positions 
in universities, research organizations and 
industry, who would willingly ictuin to 
serve their motheiland if they can be 
a.ssuied of opportunities foi research and 
creative activity" in an atmosphcie of 
scientific liecdom. We should take all 
possible .steps to utili/e the exceptional 
experience and talent til tliese young 
scientists 

In conclusion, I would like to lefei to 
one of the greatest mathematicians of the 
world, Ramanujan, called by G H Hardy 
‘the most romantic figure in the recent 
history of mathematics’, who, although 
failed to pass the First Arts Examination 
of an Indian University, became a Fellow 
of the Royal Society (the first Indian 
to be so elected) in 1918 at the age of 31. 
He died in 1920 at the age of 33. To 
perpetuate the memory of this great 
genius, the National Institute of Sciences 
of India has decided to institute a gold 
medal, which will be awarded every 
alternate year to an eminent scientist— 
Indian or foreign. May his memory 
inspire us in our search for truth and 
knowledge! 



NATIONAL INSTITUTE OF SCIENCES AND THE PRESENT 
EMERGENCY 


A N Khosla 

(delivered at Delhi on December 30, 1962) 

Today we are meeting under the shadow 
of a grave emergency brought about by 
the unprovoked, treacherous and wanton 
invasion by the Chinese on our northern 
frontiers. Ours have been a policy of peace, 
with friendship towards all and ill-will 
towards none. We have befriended the 
Chinese these last 15 years and upheld 
their cause at the Umted Nations. We 
had sincerely believed that the absence 
of friction, which charactenzed the rela¬ 
tions between the two countries for over 
two thousand years, was a guarantee of 
continuing good neighbourly relations 
This sudden and mad venture of the 
Chinese expansionists has, therefore, come 
to us as a shock and a disillusionment 
The treachery, the surprise and the massi¬ 
veness of the Chinese attack and the initial 
reverses we have suffered have, however, 
been a blessing in disguise The country 
has been welded into one almost over¬ 
night It has evoked instantaneous 
response among the people, steeled their 
will and resolve to throw out the invader, 
and demonstrated the basic unity and 
character of the people. The stones from 
the battlefield have brought out in epic 
relief the wonderful stamina and heroism 
of our Jawans. Unprecedented enthu¬ 
siasm has been generated among the 
entire population, men, women and chil¬ 
dren, all of whom are anxious to do their 
utmost and are prepared to make any 
sacrifice to maintain the freedom of the 
country. A new sense of urgency is in 
evidence everywhere. The first task now 
is to give a purposeful direction to this 
spontaneous upsurge of enthusiasm, sense 
of urgency and spirit of sacrifice. 

We have now realized that firstly the 
Himalayan borders no longer offer us 
the security which, we felt, they did all 


these centuries; secondly, that military 
strength with deterrent striking power 
is the only answer to any kind of insecurity 
in the present state of an imperfect world 
and, thirdly, that we have to be in a state 
of preparedness all the time. We must 
create and keep in readiness a strong and 
organized army well equipped with the 
most modern weapons and striking power 

The Indian soldier is among the best 
and the bravest in the world We have 
never lacked courage, but we have been 
lagging behind in science and technology 
and their essential base, education Modern 
military power rests mainly on science 
and technology, but it must have at its 
back the efforts of the whole people in the 
field, in the factory and in the transport cl 
the products of the field and lactones to 
the front lines and to the civilian popula¬ 
tion. Science and technology are the key 
to better and more production in agiicul- 
ture, industry and war weapons. 

We have to remember that for the effective 
and continuing defence of our country, 
we have to strengthen our own military, 
industrial and agricultural base and 
prepare ourselves to defend the country 
with our own resources of men, food and 
industrial output and our own equipment 
Also, our military might must be such as 
to provide an effective deterrent to any 
aggressor like the Chinese expansionists, 
who may be tempted to embark on a 
similar mad adventure in the future. We 
may and we must gratefully accept aU help 
in arms, ammunition and technical know¬ 
how from fnendly countries during the 
present emergency, but that cannot be a 
continuing affair. We must build up our 
own military potential and know-how. 
We have also to remember that the 
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present emergency may last for several 
years. 

We cannot expect others to come and 
defend our freedom 

What can we of the National Institute of 
Sciences do to help in building this agricul¬ 
tural, industrial and military base and 
keeping scientific and technological 
developments up to date^ 

The Council of the Institute has, on 
behalf of the National Institute, already 
submitted its Resolution to the Picsident 
and Prime Mimstei, placing at then 
disposal then scientific knowledge and all 
other resouices Wc liave now to considet 
ways and means of giving a practical shape 
to this Resolution 

In my last anniversary address I mentioned 
that Science has two facets, namely Pure 
Science and Applied Science or Techno¬ 
logy, and that the interplay between 
these two was responsible for all the 
modern discoveries and their translation 
into concrete realities for the benefit of 
marikind. Research in pure science leads 
to new knowledge, but new knowledge to 
be useful and to be able to add to human 
well-being has to be given conciete shape. 
Basic leseaich creates new ideas. Engineer¬ 
ing research translates these new ideas 
into new machines, new techniques and 
new processes In that process it meets 
new problems which again demand further 
basic knowledge and thus stimulates further 
scientific investigation. This mter-play of 
science and engineering goes on and results 
m mounting developments of still newer 
ideas and newer techniques and ins¬ 
truments. The evolution of isotopes, 
nuclear power plants, space ships, solar 
batteries, transistors, computers, etc, has 
been the outcome of such inter-play. 

Research in pure science is relatively 
inexpensive. The major expense, according 
to the experience in the USA, the USSR 
and elsewhere, is in the research for its 
application, basic research accounting for 


about 5 per cent and applied research for 
the remaining 95 per cent of the total out¬ 
lay on over-all research. In the modern 
age science and technology have become a 
decisive element in the fall or survival of 
our very civilization. The simultaneous 
development of pure science and techno¬ 
logy is, therefore, the only way by means 
of which the scientists and engineers can 
faithfully dischaigc their social respon¬ 
sibility to the nation. 

The mter-play of science and technology 
assumes over-riding importance in an 
emergency like the one facing us at present 
In peace time a nation can wait in patience 
foi llie evolution of abstract icle.is and thc'ii 
leisurely translation into com eiete ai lueve- 
ment But in wai tlieic is no tune to wait 
Discovery and application must advance 
together and be ol immediate as well as ol 
progressive use in the war effort. 

During World War II, which witnessed 
the greatest advancement in the fields 
of pure science and technology, the 
scientific organizations in the various 
countries involved had to do a good deal 
of rethinking and reorganization The 
scientifically advanced nations eonsisted 
of democracies like the USA and llu' UK 
and dictatoisiups like tlii' USSR and 
Nazi Oeimany 'I’he two dictatoi ships 
icoiganizcd science and technology and 
conditioned their aims and developments 
to suit their social and military objectives— 
one to further its political ends, and the 
other to spring on the world a thoroughly 
well prepared war. When the war actually 
broke out, the need for reorganization of 
science and technology became apparent 
to the democratic countries of Great 
Britain and the USA and both countries 
acted quickly. 

In both these countries science played a 
decisive role, not only in the highly spe¬ 
cialized fields of warfare and production, 
but also in almost all phases of civilian and 
social life, in feeding and clothing the 
people and in keeping them healthy. 
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The common danger brought about the 
release of the most secret developments of 
one country to the otlier and secured a 
scientific liaison between the USA and 
the UK. This was a healthy development 
not only for the prosecution of the war, 
but as the first serious indications of scien¬ 
tists disregarding narrow national Hmits 
in the interest of the lugher objective of 
world peace. 

The outbreak of war changed the attitude 
of America, the arsenal of democracy, 
which brought about awareness that unless 
science and technology were recognized 
and canalized under a planned pro¬ 
gramme, and all the resources of Govern¬ 
ment scientific establishments, research 
laboratones and industry were pooled 
together, quick results would not be 
possible. 

Accordingly a crash programme was 
initiated under the purposeful and dynamic 
guidance of Dr Vanneevar Bush as the 
Director of the War-time Office of Scientific 
Research and Development. Dr Bush 
fathered and guided the War Science 
programme so well that, for the first time, 
research was put on a highly co-ordinated 
basis. The work of at least a decade was 
compressed into three and a half years. 
Duplication of effort was greatly reduced 
Instead of many scientists working m- 
dependently in many directions towards a 
single solution, a problem was split up and 
a crew of experts, each tops in his own 
specialized field, worked on portions of it 
towards a co-operative result. The research 
varied from jet planes and new medicines 
to radar and atomic energy. Dr Vanneevar 
Bush, a Doctor of Engineering, from both 
Harvard and MIT, organized science to do 
the war-time job assigned to him, and he 
made a success of it. 

In India due to lack of industrial develop¬ 
ment, backwardness of technology and the 
static nature of economy, science remained 
largely an exhilarating hope rather than a 
field for proud achievement. The World 
War, however, brought about a change 


even in the Indian science. Many advances 
were made in the field of chemical 
research, notably the evolution of solid 
fuels to emit intense heat for a period of 
time, fabrics and other materials resistant 
to poisonous gases, processing of cloth to 
give insulating properties and warmth of 
wool, etc Some of the Indian scientists 
abroad at that time were responsible for 
the invention of the deadly ‘flame throwers’ 
and researches in chemical warfare and 
treatment of tropical diseases 

The goal of defence science is technical 
superiority m men and machines The 
last war witnessed the emergence of 
thousands of inventions of military interest 
The science of explosives made undreamt 
of advance with the discovery of ‘chain 
reactions’ It was found possible to ic- 
arrange the atoms of solids m such a way 
as to make them far stionger than steel or 
any other substitute yet known This had 
a special significance for aeroplane cons¬ 
truction The pride of place, however, 
goes to radar, a British invention It is 
this which made Germany lose the 
‘Daylight Battle of Biitain’ Radai has 
revolutionized peace-time communications 
and navigation and has given rise to a 
new industry known as electronics The 
pilodess plane, the gyro-flux compass, the 
jet-propelled plane, had their origin dui ing 
this war and m its midst. The U-boat 
submarine detective devices, the degassing 
girdle that rendered the mines completely 
innocuous, were also the offspring of 
science and technology during this period. 

Science and technology also helped to 
solve the many supply problems. Quick 
movement is the essence of action in 
modern wars, and weight is the greatest 
handicap to such movement. Also, troops 
have to be fed well, kept clean, and the 
casualties among them restored. A modern 
war cannot be won on the battlefield 
alone. It is first and foremost a battle of 
supplies and production. All these pro¬ 
blems were tackled by the scientists and 
technologists with conspicuous success. 
The problem of short supply of materials 
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was solved to a great extent by salvage and 
substitute. All used-up material was 
brought to the scientist and he gave it a 
new lease of life. Metals, rubber, old 
paper, card-board, textiles, rags, ropes, 
strings, shavings or dust, bottles and glass, 
bone and food scraps, containers and an 
inexhaustible list of socalled waste material 
was reprocessed and converted into useful 
material. Substitution was as important as 
salvage. The most sensational productions 
of substitution were light metals and alloys, 
synthetic meat of every known variety and 
taste which had a vegetable base, the 
improved dehydration process in the field 
which compressed full meals to the si/.e 
of pills and tabloids ‘Plastics' coveted a 
whole seiics ol substitute industiie-, like 
at tificial silk, i ayon, nylon, the new oiitlit 
for paratroopers, which is a marvel of 
lightness, compactness and comfort. 

A new science of electronics developed 
during the war It is a steady and technolo¬ 
gical application of the electron, one of 
the three basic ingredients comprising the 
atom, the other two being proton and 
neutron. The electronic valve of the radar, 
the modern computer, television, nuclear 
power are the products of this new science. 

The war-time medical advance was equally 
spectacular. The development of safe and 
easy blood transfusion technique, the 
discovery of the water part of the blood 
called the plasma, the sulphonamides, 
penicillin and civicillm and vanous other 
new means of removing the danger of 
infection, improving the healing properties 
and prolonging life, came about in the 
same period Malaria, typhoid, diarrhoea 
which claimed the highest toll in army 
life, were substantially controlled and the 
Second World War was called the best and 
cleanest war ever fought. The medical dis¬ 
coveries made in the course of the war 
were legion and many of these discoveries 
were made not in the sheltered laboratories 
removed from tiie field of battle but in the 
laboratories of the battlefield themselves. 

The joint efforts of the democracies succee¬ 


ded in solving many seemingly baffling 
problems and conjured up a whole soiies 
of new industries which have since levolu- 
tionized production in the post-war eia. 
Their victories on the medical front wete 
such that the world will forget the slaughtei 
of the war and will remember the great 
blessing of health and healing that these 
have bestowed upon mankind. 

I have mentioned at some length the 
achievements of scientific and technologi¬ 
cal research during World War 11 to 
highlight the importance of not'd fot 
rethinking and of reorganizing lesi'aich 
activity in the country witli .i vii'w to 
putting u'scaith in India on a liighK to- 
oidiiiaUtl b<isis It IS only then that we 
can hope to accelerate the pact' and at hieve 
results in tunc to meet the mounting 
requirements ol our defence. In this 
context there is urgent need for considering 
how best the National Institute of Sciences, 
which has as its Fellows almost all the top 
scientists, though not yet all the top engi¬ 
neers of India, can fit into the scheme of 
reorganization for research on such a highly 
co-ordinated basis 

A large number of Fellows of the National 
Institute are already serving the nation in 
different capacities But lull use is not 
being made of the entire scientific talent 
m the country. There is enough of talent 
and no end of enthusiasm, but the scientific 
set-up appears to be such that talent in 
most cases does not find the opportunity 
or the climate for its full play, with the 
result that the scientific effort in the 
country, which is of no mean order, is 
not producing commensurate results 

Our scientists still crave for acceptance of 
their papers outside for publication rather 
than in India and place greater value on 
encomiums abroad. At the same time 
there is halting recognition from within 
the country so that the urge for original 
and creative research gets damped. If 
indigenous talent has to produce results, 
as it must if the country has to stand on 
its own, particularly in matters of defence, 
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then there must be a radical overhaul of 
our entire scientific set-up 

Since the Chinese invasion of our country 
on 20th October last. Government has 
done a good deal of rethinking and some 
reorganization. But perhaps something 
much more is needed to enlist the active, 
creative and constructive effort of the 
large reservoir of scientific and technolo¬ 
gical talent of the country in the prosecu¬ 
tion of research on a highly co-ordinated 
basis 

This is where the National Institute of 
Sciences can play a really effective role 
As a first step, I would suggest that a 
small Advisory Board should be set up 
for the purpose of locating problems, 
assessing research potential, individual 
as well as laboratory or organization wise, 
and co-ordinating research activity 
throughout India, with special emphasis 
on defence requirements Such an Advisory 
Body should be kept fully informed, by 
the authonties concerned, of the many 
problems as they arise during the emer¬ 
gency. The Advisory Body may, on its 
own initiative, discover some of these 
problems It should then proceed, with 
the full backing of the Government, to 
arrange for the expeditious solution of all 
such problems 

This Body may have the following 
responsibilities: 

(1) To give advice on such scientific problems as 
may be leferred to it by the Central Govern¬ 
ment. 

(2) To render advice on its own initiative to the 
Central Goveinment m respect of scientific 
reseaich and reseatch policy as will advance 
national interests, particularly during the present 
emergency 

(3) To locate and spell out problems requiring 


immediate as well as those requiting long-ieim 
solutions 

(4) To co-ordinate leseaich with a view to getting to 
work with the pioblems requiring immediate 
solution and otherwise to direct icstarch m a 
purposeful way so as to bring mai-imum benefit 
m the shortest time possible. 

(5) To assess the reseaich potential, individual as 
well as groupwise and bv disciplines, in Govein¬ 
ment Research Depaitments, National Laboia- 
toiies, Industiial Reseaich Establishments and 
Universities; locate lesearch peisonnel of 
outstanding met it; and, on the basis of infor¬ 
mation so available, farm out problems of 
research to individuals and learns ol workers so 
that many lines of investigation can be followed 
simultaneously towards a co-operative icsult 
in the shortest possible time, 

(6) To bring on its own initiative to the notice of 
scientists engaged in research subjects ol investi¬ 
gation in their specialized fields, which are 
hkely to be of potential value to the nation m 
the present emergenev 

(7) To undertake such other responsiblitics as may 
be assigned by the Goveinment 

The National Institute of Sciences, being 
an independent entity dealing with IkaIi 
pure and applied research, could provide 
direction for this Advisory Body The 
personnel could be diawn from the Fellows 
of the Institute and such other I'inginecis 
and Scientists outside the Institute who 
can effectively implement the piogrammc 
of research on a highly co-ordinated basis 
I would lav particular emjihasis on the 
inclusion of Engineers with wide know¬ 
ledge and experience in innovation, 
construction and production m this Advi¬ 
sory Body as without intimate intcr-play 
of technology and science, all efforts of 
pure research will fail m their immediate 
purpose of helping the defence effort and 
possibly indefinitely delay the achcivement 
of long-term objectives. 

In conclusion, I sincerely hope that the 
National Institute of Sciences will soon 
get statutory recognition, which is its due, 
through an Act of Parliament. 



Dr Hozui Jehangir Bl&ablia, FNA^ 

(Elected to the Fellowship, 1941; President 1963~64) 
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REMARKS DURING CONSIDERATION OF ANNUAL REPORT 

H J Btiabha 

(delivered at New Delhi on October 1963) 


This IS the first occasion on which I have 
the honour to address yon as the President 
of this Institute I am grateful to you all 
for conferring this honour upon me, and 
I shall do my best to promote the cause of 
science in India and the genuine interests 
of this Institute I shall speak on only some 
matters referred to in the Annual Report 
and also ol important events in the woild 
ol which we must, as stieiitisls, lake note 

I am Mile )ou would all wish me (o tefer 
on this occasion to ihe very great loss 
which the world of science has sullercd 
in the death of Professor Niels Bohr, one 
ol the greatest scientists of our age and one 
whose name will be icmemberccl as one of 
the gKMtest in the history of science His 
thiee gieat papers, published in 1913 
laid the Inundations of atomic theory. It 
IS well known that atomic theory has pro¬ 
duced one of the greatest revolutions in 
liuman thought since iclativity, and it is a 
measuie of the greatness of the scientific 
age we have the privilege to live in that 
two ol the most ievolutionary advances in 
human thought and in undeistanding the 
woild we live in should have been made 
within our life time As a result of his 
human qualities and chaiactcr, Professor 
Bohr continued to play a unique role 
among scientists right up to the end. His 
death is a great loss to the world of science, 
but for those who knew him personally 
the loss is irreparable. 

Among the events in the world of which 
we must take notice as scientists, perhaps 
the most important is the Treaty nego¬ 
tiated between the Union of Soviet 
Socialist Republics, United Kingdom and 
the United States of America, banning the 
test of atomic weapons in the sea, in the 
atmosphere and in outer space, a Treaty 
which has now been signed by no less 


than 90 States. India was among the 
first to sign this Treaty outside the three 
negotiating parties, and this is but one 
more proof of the determination of this 
country, under the leadership of the Prime 
Minister, Shri Jawaharlal Nehru, to use 
atomic energy only for the benefit of 
mankind and not for “evil purposes”. 
The signing of this Treaty was a limited, 
but an important step forwaid, which 
will ceitainly lead to an improvement of 
the intern<itional atmosphere 'I'his step 
howevei must be lollowed by another, 
and then another, leading ultimately to 
total disarmament under inteinational 
control Such a development, which we as 
scientists should all stiivc to promote, will 
release vast icsourccs' for human betterment 
which are at present being squandered on 
militaiy preparations and aimaments 11 
only a small fiaction of tlie money so 
leleased is devoted to science, there will 
be a development of science in the world 
which will ovcishadow all that is being 
done at piesent It will be possible to 
abolish liom this woild hunger and poverty 
and to provide to each human being in 
ample measure the material necessities 
of life, such as food and shelter, as also 
education and proper medical care and 
the opportunities for a full development 
of his personality and abilities. 

Another subject which is of great impor¬ 
tance for the world as a whole, but which 
is of the greatest importance for the 
underdeveloped countnes, is the growth 
of human population This makes our 
problem of raising the standard of living, 
difficult as it is for many hundred million 
people, even more difficult than it would 
be otherwise. Before the last census, the 
birth rate in India was given as 3-9% and 
the death rate 2 6%, resulting in a net 
growth rate for the population of 1 3%. 
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The last census showed that the net growth 
rate has now gone up to just over 2%. This 
IS directly the result of the application of 
science and technology to improve medical 
attention and health, which has increased 
the chances of survival What we need is a 
commensurate application of modern 
science and technology to the problems of 
family planning, even on the basis of 
presently known methods While a good 
deal has been done by our Government 
and through private initiative, the total 
effort is far below what it should be, 
as the increase in the rate of the growth 
of the population clearly shows. We need 
a much greater effort in this direction, 
and it is the duty of the Fellows of this 
Institute, and indeed of all scientists, to 
draw the attention of the Government, 
and to educate the public in appreciating, 
the seriousness and the implications of this 
problem. The measures required in India 
to make an effective impact on this problem 
are of such enormous proportions that a 
slight improvement or simplification in the 
present methods or the discovery of new 
ones would have very far reaching results 
on the efforts and the resources required. 
This is a field therefore in which we should 
urge the Government to spend much 
larger funds for research, and the Govern¬ 
ment might well consider assisting research 
in this field in other countries also purely 
in our own interest. 

One of the points that will come up for 
consideration this year is the proposal that 
an Act should be passed regarding the 
National Institute. I feel it my duty to 
exchange my thoughts frankly with the 
Fellows of the Institute on this occasion, 
as it is only thus that progress can be made. 
The National Institute was founded in 
1935. In the years from 1943 to 1945 the 
question of the recognition of the Institute 
by the Government of India as the re¬ 
presentative body of scientists was taken 
up, and negotiations were held in Delhi 
on behalf of the Institute by Professors 
J G Ghosh, P N Saha, S S Bhatnagar, 
D N Wadia and myself with the then 
Department of Education, Health and. 


Land. As a result the Government decided 
m 1945 to recognise the National Institute 
as the piemier society representing all branches 
of science in India This alone should have 
given the National Institute a great 
impetus, but we find twenty years aftcr 
this recognition that the Institute ha,s not 
earned for itself the position in the life of 
the country which it should have 

At the time in 1943 when we approached 
Government for recognition, there wcic 
several eminent scientists who felt that 
the National Institute did not satisfy tlic 
criteria for such recognition. While 1 
agreed with those scientists that the Fellow¬ 
ship and the performance of the National 
Institute at the time was not such as to 
merit such recognition, I was persuaded by 
my late friend and colleague, Dr S S 
Bhatnagar, that the membership and work 
of the Institute could be improved over 
the years and decided, thcrefoie, that it 
should be given a chance. While it is said 
that the National Institute has in its 
Fellowship some of the best scientists in 
India, the fact remains that there is a veiy 
considierable number of very good young 
scientists who are not among its Fellows 
Moreover, I have watched the elections 
carefully over a period of years and find 
that often in the same subject it is not the 
best and most outstanding research worker 
who is elected, but one who may be senior 
or one who may have more influence in 
view of the administrative position he 
holds. This is not the way a great academic 
body and a great academic tradition can 
be built up. I do not attribute this circums¬ 
tance to any malafides, but as a well 
known Tamil proverb says Only the 
learned can recognise the learned, and it is 
only the outstanding workers in the subject 
who can discern who is the most out¬ 
standing worker, and who not quite so 
outstanding. Therefore, unless the Fellow¬ 
ship itself is at the highest level, which 
can be attained in India today, or the 
Fellows are willing to leave the selection 
of future Fellows to a small group having 
an established and world-wide reputation, 
I can see no chances of the level of the 
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Fellowship improving. Science is still weak 
in India compared to its development in 
the industrially advanced countnes, and 
if we are to pitch the level of our Fellow¬ 
ship at a level not greatly below that of 
the Royal Society or the Academies or 
Sciences of the United States of America 
and Union of Soviet Socialist Republics, 
then the total number of our Fellows 
would necessarily have to be a small 
fraction of our total present Fellowship, 

It is for this reason that it was proposed 
that the Institute might have a second and 
more restricted category of members, 
called ‘Academician’, who would be 
selected onlv on this basis, and which 
would necessarily have to be entiusted 
with determining the future election of 
Fellows and all important matters con¬ 
nected with the running of the National 
Institute, The structure so envisaged will 
be on the lines of that of a number of 
academies, as for example, the Union of 
Soviet Socialist Republics Academy of 
Sciences, which has Academicians and 
Clorresponding Members. Under this pro¬ 
posal the bulk of the present Fellowship 
would automatically take the place of 
the Corresponding Members This would 
indeed be a great act of self denial on their 
pait, but a decision which they would 
iiavc to make, if the move to give the 
National Institute the statutory recogni¬ 
tion which some want is to be widely 
supported I see from the diaft which 
has now emerged, that this principle has 
not found wide acceptance, and I doubt 
therefore whether the move to get statutory 
recognition will receive sufficient support 
in all quarters. You will permit me to 
express my own views frankly. In the 
present state of the National Institute and 
without some of the drastic changes which 
have been mentioned, I do not think 
that it qualifies for the type of recognition 
that is sought. I do not even think that 
such recognition would be in the best 
interests of science in the country. On the 
other hand, the lack of such statutory 
recognition does not come in the way of the 


genuine work of the Institute. If the 
Institute strives to raise its academic 
standards and achieves for itself a place 
in Indian science which is widely acclaimed 
by those who should know and judge, the 
statutory recognition will automatically fall 
into its lap. I would therefore urge on 
members that they should devote their 
energies and attention to genuinely scienti¬ 
fic matters and not let the question of 
statutory recognition obsess them 

Talking now of wider held, I feel that wc 
in India are apt to believe that good 
scientific institutions can be established by 
(Jovcinmenl decree or order .\ scientific 
institution, be it a laboiatory or an 
academy, has to be grown with gieat laie 
like a tiee Its growth in terms ol (juality 
and achievement can only be acieleiated 
to a very limited extent. This is a held in 
which a large number of mediocre ol 
second rate workers cannot make up foi a 
few outstanding ones, and the few out¬ 
standing ones always take at least 10 to 
15 years to grow Too many of our National 
Laboratories have been established by 
deciding upon the field in which it was 
desired to work and by drawing up an 
organisational chart on the pattern o( some 
conesponding laigc laboratoiy abioad 
It was then assumed, naively, that the 
posts m the chart could be filled b\ 
advertisement, forgetting that woikers of 
the appropriate and high level either do 
not exist in India, or can only be obtained 
at the sacrifice of some other institution, 
which thus becomes weaker for it. Our 
universities, weak as they always were, 
have been further weakened in this 
manner. 

I would urge upon the Members of the 
Institute to think carefully upon the 
problems of developing science in India 
and of developing the National Institute. 
Both these tasks require all our joint 
energies and devoted work, and results will 
come slowly but surely, if the problem is 
approached in this way. 




Professor Vasant Ramji KJbanolkar, FNA' 

(Elected la the Fellowship 1960\ President, 1965-(}(>) 



ProfessorV R Khanolkar was born on April 
13, 1895 He obtained ME) in Pathology 
from University of London in 1923 He was 
the Professor of Pathology, Grant Medical 
College (1924-25) and later SGS Medical 
College and KEM Hospital (1925-40) in 
Bombay; Director, Indian Cancer Re¬ 
search Centre and Honorary Director of 
Laboratories, Data Memorial Hospital, 
Bombay; Vice-Chancellor, University of 
Bombay; National Research Professor in 
Medicine (since 1963). He was the 
Honorary Fellow, Royal College of Physi¬ 
cians of Edinburgh; Member, Pathological 
Society (UK.); President, Society of Bio¬ 
logical Chemists; Honorary Fellow, 
American Association of Cancer Research, 
President, Indian Association of Patho¬ 
logists and International Union against 
Cancer, Honorary Fellow, New York 
Academy of Science and Austialian Cancer 
Society, Fellow, International Academy 
of Pathology, Academy of Medical Science 
(USSR); President, Indian Society for 
Study of Reproduction; Chairman, Bio¬ 
logical and Medical Advisory Committee 
of Govt, of India He was associated with 
several committees of CSIR, WHO and 
Planning Commission He was the recipient 
of Padma Bhushan (1955), LLD degree 
(he) of Melbourne University (1960) and 
D!MS degree (he) of Perugia University 
(1961) 

Professor Khanolkar had contributed 
greatly to the knowledge of Human 
Pathology. 
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THE STORY OF THE INDIAN CANCER RESEARCH CENTRE, 
PAREL, BOMBAY 

V R Khanolkar 

(delivered at New Delhi, 1966) 


Since the days ol Sir Lewis Fermor, the 
lirst President of the National Institute 
of Sciences of India, it is the usual practice 
of the President to talk on the specialized 
branch of science he has developed. I 
should, however, like to make a slight 
departure from tradition Ratlici than talk 
to you about one problem, I would like to 
nanate brielly the development ol the 
Indian (lancer Roseauli (lentie and then 
desciibc some ol the woik done iheie m the 
newer disciplines of science under my 
guidance 

The Indian Clancer Reseatch Ccntie was 
inauguiatcd in December 1952 Since then 
a niitnbet of periodical progress icpoits 
have been compiled detailing all its scienti- 
lic activities. It is, however, fitting today 
that I should tell you about the lust 10 
years of life and work at the Centie It had 
always been my idea that the Dcpaitinent 
of Pathology, Tata Memoiial Hospital, 
with which 1 was closely associated since 
its inception, should form the nuck'us lor 
the ('stabhshment of the Centie foi advanc¬ 
ed basic teseaich on cancer In 1952 tins 
became possible with the co-opi“iation ol 
the Government of India and Sir Dorabp 
Tata Trust, and the Indian Cancel 
Research Centre took the present shape 

Cancer research involves an intei locking 
of several disciplines in science and 
medicine Accorciingly the following dif¬ 
ferent departments and sections have slowly 
developed during this decade: (1) Applied 
Biology, (2) Experimental Embryology, 

(3) Human Variation and Statistics, 

(4) Endocrinology, (5) Biochemistry, 
(6) Enzyme Chemistry, (7) Biophysics and 
(8) Microbiology (including Electron 
Microscopy). All the above departments 
and sections are looked after by well- 


trained experienced scientists The Clcntic 
IS a constituent recognizctl institute of tiie 
University of Bombay and is <iIso approved 
by the University of Poona lor post¬ 
graduate reseat ch As such sonu^ ol llie 
best students are attracted to the Lihoia- 
tories loi tiainmg m advanied lese.udi 
technic|iies and post-giadiiate degiees ol 
Mastei <1 Si 1111 ( 1 “ and Doitoi ol Pliilo- 
sopliy .\t pi (sent tlie total iiseanli, 
technical and iiiamti'ii.iiKe stall is about 
250, iiu lulling those eiiiployi'il on units 
and schemes spoiisoied h^ othci otg.im/a- 
tions such as the Indian Couiuil ol 
Medical Research, the Council ol Scii'iitilic 
and Industrial Research, etc. 

'I’he geneial piogiamine ol woik at the 
Indian Cancer Rt“seaich Ci'iitic is best 
desciihed iinilei tlni'c mam licadings 
expcnmeutal and cliiiu al studies in i am ei, 
leprosy and physiology ol ii'piodui tioii 
Another important aitivity ol the Centie 
(oiisists ol starling new ilisiiplmes at the 
posl-gi.idiiate li“vel .mil imitioving the 
teailung ol |)ost-giadnat(‘ stnilcnts loi 
MSc <ind PhD di'gices 

Cancer is b(‘ing studied lioin dillerent 
aspects—its causation, mode ol occuncnci', 
biological behaviour within the host system 
and therapy. Dilferent disciplines and 
techniques of Biology, Biocheniisliy and 
Biophysics are used, as is necessary in the 
investigation of malignancy in all its 
multiple maitifcstations Biological re¬ 
search consists of study at two levels 
systcmically in laboratory animals (mice, 
rats and hamsters), and at the cellular 
level in tissue culture. In the animal 
experiments on the mechanism of Carcino¬ 
genesis, two main problems under investi¬ 
gation are (1) spontaneous and (2) 
chemically induced cancer of the breast 
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and skin In breast cancer the mam attempt 
is to study the mode of action of intrinsic 
and extnnsic factors in the production of 
neoplasia and thereby to elucidate tlie 
steps in the process of carcinogenesis, mz 
initiation, promotion, development and 
progression of tumours Mammary cancer 
in mice has been induced mainly by potent 
carcinogens such as 20-MCA and 1, 2, 5, 
6-dibenzanthracene The skin carcino¬ 
genesis studies may be divided in three 
parts In the first, chemicals are being 
tested for tbeir carcinogenicity to correlate 
their chemical constitution with the cancer- 
producing activity of the substance. The 
hypotheses put forward by theoretical 
chemists for carcinogenicity of substances 
due to the presence of ‘K’ and ‘L’ regions 
are being tested in these experiments. The 
second part of the experiment is for testing 
substances for their suspected etiological 
role in clinical cancer, like tobacco in 
relation to oral cancer, chinar leaves in 
relation to ‘kangn cancer’, iron complexes 
in relation to induced sarcomas, and edible 
oils for their mutagenic eflect. The car¬ 
cinogens are administeied at dilTerent 
sites’ skin, subcutis and target organs like 
mammary glands and ovaries The role 
of steroid hormones in the mechanism of 
experimental skin cancer is also being inves¬ 
tigated in detail in rats and mice Varied 
techniques of optical histology, histo- 
chemistryandelectron microscopy are used. 

Experiments in embryology are being 
conducted by painting viigin ovaries and 
studying progenies of treated mice for 
many generations A series of caicinogens 
is under investigation for their mutagenic 
action in these experiments, details of 
which have been recently published. 
Another problem specific to India is the 
condition known as Submucous Fibrosis 
of the Palate observed in many eai, nose 
and throat clinics. It is suspected that 
some irritant food additives or certain 
spices like chilhes have some bearing on 
this condition. Clinical and experimental 
studies are in progress to investigate the 
etiology and pathogenesis of Submucous 
Fibrosis of the Palate. 


In cell biology many tissue culture 
techniques have been standaidi/cd and 
developed. The tissue cultuie woik is 
mainly divided m two pai ts One is the 
continuous cultivation of stock o( cell 
lines (ff) imported commcicuil cell lines 
and {b) those developed at the ’J’lssiu’ 
Culture Liboi atones ol tlic Cenite, particu- 
laily from human and mouse saieoma 
These cells aie supplied to the Vuus 
Reseaich laboiatoiies in India for luUiva- 
tion of viruses and are used in the (lentie’s 
laboiatories lor various expeiiments like 
tissue interactions, nutiitiou of eaiuei 
cells, studies on cell tiansloi matioii in 
continuous cultivation, etc Vaiious lyto- 
logical and cytochemical studies aie 
simultaneously in piogiess on .ill the 
TCRC’ cell lines maintained in stock .\u 
aspect of cell biology developed smci' the 
inception ol the institute (ouciiiis sulnel- 
lulai organi/.ation and the (iik’ struttuie 
of cancer cells m lelation to then alten’d 
metabolism and biological Im’Ii.ivioui. 
Some of the varied piolilems studied ate 
difTerential metastasis in skin t.iiuei, 
alteration in connettive tissue lihiohl.ists 
in hormonal stiess aiitl neoplasm, nu( leic 
acid metabolism in mahgnam\, siihuiRio- 
scopic cytological lesponse to < aiicei 
chemotherapeutics and so on 

Genetic and epidemiologic.al studies on 
cancer also form part of biological investi¬ 
gation of this disease piocess. Some ol tlu’ 
problems specific to India aie studied, siu h 
as; 

(a) incidence of cancer and sui v't y of habits in 
iclation to cancel etiology, 

{b) human geneticsaiid c.incei (blood gioiip studies, 
etc), 

(cj heieditary anai'ini.ts 

Oral cancer forms a major jiart of all 
malignant lesions occurring in tins country. 
Large-scale population surveys were car¬ 
ried out to evaluate the role of habits and 
other environmental factors. Statistical 
data are carefully collected on the high 
incidence of cancer of this site compiled 
and analysed every year. Another problem 
in progress in human genetics is blood 
group frequencies in relation to cancer. 



VR KHANOLKAR 


305 


Endocrine disorders observed in some 
endogamous groups in India aic also 
under investigation The important pio- 
blems in this category arc intci sexuality 
and chromosomal investigation. 

Biochemical research on cancer can be 
described liom ihiee viewpoints: (1) the 
ehemistiy of substances suspected to be 
c.iicinogens, (2) the basic cnxymic aberra¬ 
tions specific to malignancy and (3) che¬ 
motherapy. Substances implicated m the 
etiology of cancers of different sites, such 
as tobacco in relation to oral cancer, 
chmar in skin cancer and smegma m 
cancer of the penis and cervix, aie being 
chemically investigated Delailed fiactio- 
nation studies aie in progress with a view 
to any possible isolation ol specific carcino¬ 
genic fractions from them. Some intcicsting 
observations arc available on the B- 
glucorunidase activity in oral cancer 
patients Some of the basic studies are on 
the metabolism of the Sulphur-isoestcrs of 
polycyclic hydrocarbons that are being 
tested for their caicinogcnicity'. Enzyme 
studies have been carried out on Folic Acid 
Metabolism and Liver Tumouis and the 
role of Enzymes in the action of Venom. 
Otlicr important pioblcms under investiga¬ 
tion are studies on Mitochondrial Enzymes 
in Tumours and Metabolism of the 
Antileukemic drug, Aminopleiin. 

I'he chcmothei apcutic studies on the 
problem of cancer were started very 
recently. The Cientre has been able to 
develop a new line of work on antimctabo- 
htes against the intermediates of Hexose- 
Mono-Phosphate (HMP) pathway. Three 
antimetabohtes of 6-Phosphogluconic 
Acid: TDA, DICETOL and TDGA, 
tested for their growth-inhibiting activities, 
have given significantly promising results 
in experiments. The tumour material used 
for these studies was mostly Yoshida 
Sarcoma (Ascites) and a solid Mouse 
Fibrosarcoma developed at the Centre. 
Clinical trials of these drugs on some 
advanced and incurable human cancer 
cases are in progress. 


Chemotherapeutic studies with indigenous 
plants have also been undertaken. Preli¬ 
minary cxpeiimcnts on a Himalayan plant, 
Hippophae sahcifolia, locally known in the 
Punjab as Kalabis, have shown encourag¬ 
ing results in regression of transplanted 
Yoshida sarcoma in animals 

Biophysical studies in cancer include 

(a) cleclroa mitioscopy of Bidi and (JigaicUc Smoke 
m 1 elation to cancel, 

{b) a study ol the ellects of lom/ing laduvtions on 
Ammo Acids and Nucleic Acids, 

{c) studies on the compl<>xes ol DNA and RNA 
with the dye Acndini Oiange 

Biophysics IS a new discipline staitccl at 
the Centre and has been intr’oducecl in the 
Bombay University curiiculum at the 
M.Sc and PliD levels 

Another new discipline staitcd at the 
Centic and intioduccd at tire Univeisity 
at the MSc and PhD levels is that of 
Applied Biology. The basic disciplines ol 
biology aic considerably developed in 
recent yeais and .sevcial biological tech¬ 
niques arc used in the investigation of 
medical and allied problems It was felt, 
therefore, that there was enough scope 
for having a separate discipline ol Applied 
Biology in which usclul leseai'ch woik 
coulcl be done 'J'lie Centre was the finsl 
institute to inliodute the subject and has 
been lecognizcd by the University ol 
Bombay in the subject. Thcic is much 
enthusiasm among young people for these 
two new disciplines 

Special mention must be made of the 
interesting biological material which the 
Centre has been able to develop during 
the last few years. The Centre has been 
using about a dozen imported strains of 
inbred mice for cancer investigations It 
has also bred the following thi’ce strains 
of its own with uniquely useful genetic 
properties: 

(1) An I.G.R C. line of albino mouse. 

(2) An inbred line of (LP) mouse. 

(3) A hybrid of Pans XVII and C-57 (Bl) strains. 

The ICRG mouse is a large-size mouse 
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weighing about 50-60 gm at six months, 
as compared, to 25-30 gm wluch is the 
weight of inbred American or European 
strains of mice. This breed has been found 
to be highly susceptible to spontaneous 
breast cancer The inbred line of (LP) 
mouse was developed from a small stock 
imported from Pans It is resistant to 
spontaneous breast cancer but is highly 
susceptible to chemical induction of 
mammary cancer It differs characteristi¬ 
cally from the ICRC mouse m its 
endocrine system and is specially useful 
for the study of chemical carcinogens The 
third breed of mice is the hybrid of one 
Paris stock crossed with C-57 (Black) 
Both the strains are breast cancer resistant 
and their crossed breed also has a very low 
incidence of spontaneous breast cancer 
This strain is particularly useful for studies 
on skin carcinogenesis 

Besides these three inbred lines of mice, 
some standard mouse tumours—mammary 
carcinomas and induced sarcomas—have 
been developed and kept in serial trans¬ 
plantation for over five to seven years now 
and used as standard experimental mate¬ 
rial Recently it has been possible to 
develop an ascites tumour from one of the 
solid mouse tumours, which could also 
be used in the place of Ehrlich ascites 
tumour. There are several strains of 
IGRG cell lines maintained in conti¬ 
nuous cultivation over five years Very 
few laboratories in the world are maintai¬ 
ning sarcoma cells in continuous cultiva¬ 
tion Therefore, human and mouse 
connective tissue cell strains, e g Human 
Lipogenic Sarcoma (HLS^), Human Fibro¬ 
sarcoma (HFS®), Mouse Fibrosarcoma 
(MFS*) and Mouse Skeletal Muscle 
(MSKM) and their sub-lines have been 
specially developed. 

One other type of biological material 
developed at the Gentre is an acid-fast 
micro-organism isolated from lepromatus 
leprosy designated as the TCRG bacillus’. 
It has been possible to isolate the organism 
successfully from six different leprosy 
patients and the extensive studies carried 


out in vitro have shown several points of its 
close similarity with M lepuie. This is 
another useful bacteiial cultuie which 
several laboratories abioad (Euiopc, the 
USA and Australia) have taken fiom licre 
with a view to studying the chflcrcnt meta¬ 
bolic and growth aspects of the bacillus 

The habits and usages of Indian people 
seem to favour the causation of cancer at 
certain selective sites in the body Simi¬ 
larly there seems to be a prcfeicncc foi 
varied types of endocrine disfunction 
among different enclogainous Indian 
communities. 

Abnormal growth of hair, oi husutism, 
for which no definite cause can be found, 
IS seen mainly in two cncloganious com¬ 
munities in Bombay, namely, Sindhis and 
Parsis Such giowth of hair usually staits 
after the onset of pubcity and continues 
duiing active reproductive hie 'I’heie is 
very often a suggestive family histoiy 'I’he 
defect involved here appeals to be of a 
minor degree, because these cases usually 
do not have any viiih/ation and have 
normal menstrual function and procieative 
ability no less than in othei membeis ol the 
family without abnormal patterns of liaii 
growth. No critical histoiy as to the oiigiii 
and evolution of the liist grouj), xnz 
Sindhis, IS available, except that the huge 
bulk of their population has only recently 
migrated from West Pakistan to the West 
Goast of Gujarat and to Bombay Clity 
On the other hand, the Parsis aie (he 
descendants of the people who came 
from Iran (Persia) after tlie fall of the 
Zoroastrian Empire at the beginning ol the 
eighth century. Iranians have continued 
to migrate during the subsequent centuries 
to India to a limited extent and the children 
of Parsi fathers by alien mothers were also 
admitted to the Parsi fold. The total 
population of Parsis is 132,000 (1961 
census) and a large majority of them live 
in Bombay. A point of equal interest is 
that Parsis are permitted consanguineous 
marriages, the incidence of marriages 
amongst first cousins being as high as 15 
per cent, perhaps the highest in civilized 
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population. It is, therefore, reasonable to 
assume that physiological peculiarities 
would be more common in Parsis than m 
Sindhis. 

Adrenocortical and ovarian functions have 
been investigated by a series of tests in a 
number of cases in these two groups. Some 
of these cases, having normal adrenocorti¬ 
cal and ovarian function on exploratory 
laparotomy in the second half of the 
menstrual cycle, revealed the Stein- 
Leventhal type of ovaries and fresh 
corpora lutea. The fluid collected from the 
microcystic ovaries of these patients has 
shown a high amount of Zimmermann 
positive chiomogen m the kelonic li action, 
as compared to tfiat in the control group 
having similar morphological changes in 
the ovaries but having no hirsutism. The 
material when biologically tested for 
androgenicity did not reveal any activity 
and appears to have a structure similar 
to the compound A"* Androstene 19-OH-3, 
17-dione It has, therefore, been postulated 
that in these cases there is a partial enzy¬ 
matic block in the conversion of this 
compound to estrone, with the result that 
precui'sors like A"*" Andr'ostene -1- dionc 
and/or testosterone may circulate in the 
body and bring about hir'sutism In other 
words, it IS pr'obable that the hirsutism 
in these cases is due to the cpiantitativc 
chn'erence in the androgen and oestrogen 
production in tlic ovary Isxper iments with 
labelled steroid compounds to Hncl out the 
turnover ratio of androgcn/ocstrogcn m 
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These and many other conditions arc some 
of the clinical materials of specific interest 
for studies on geographical pathology 
that is not available on a large scale in 
other parts of the world An attempt has, 
therefore, been made to develop extensive 
investigations on some of these clinical 
problems To dream is given to many, but 
to have a vast vision and translate it into 
actual reality by one’s own efforts is the 
privilege of a fortunate few. Most of us 
who arc heie today have spent many 
years in the pursuit of science— in its 
varied disc iplin(‘s You will all agree that 
nc'VCM bcdoie has tlu'K* beiui such basic 
integiatc'd apjiioach to tlu' problem ol 
the origin and maintenance ol hie Our 
young scientists today arc achu'ving goals 
that all of us have tried to work for. 
Many laboratories in the counti'y with 
their complement of well-trained dedicated 
workers stand comparison with research 
institutions m mote developed lands That 
is a matter of continuing pride We have 
tried to impait some of the enthusiasm 
for learning and the spirit oi enquiry 
that CUaudc' Bcnnard has described as 
the natural pi t'l ('C|uisite of a scientist to 
our younger workers d’ht'y, 1 feed, have 
Ic'arnt thc' Ic'ssons wcdl and it is my cU'arc'st 
wish that the' flame of knowledge be 
shielded caiefully by them and passed on 
further to future genci'ations 
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HABITS AND CUSTOMS AS CAUSATIVE AGENTS OT CANCER 

V R Khanolkar 
{delivered at Hyderabad^ 1967) 


Cancer is a world problem It has been 
known to occur :n all races of man m 
which it has been investigated Since the 
inception of the Tata Memorial Hospital, 
we have had much experience with the 
occurrence of this dreadful disease An 
early and consistent observation was that 
cancers in some regions of the body are 
encountered more frequently in some 
races and communities than in others. 
Thus, for instance, cancer of the oropha¬ 
rynx IS our main health problem in India 
More than half the cancers in Japan are 
gastric cancers and skin cancer, which 
do not occur so commonly in the pig¬ 
mented peoples, is seen often in the white 
Australians. An analysis of the first 10,000 
cases of the Tata Memorial Hospital 
convinced us of two facts (1) that the 
high incidence of cancers of certain sites 
could he in the habits of the people and 
(2) that significantly large population 
groups had to be surveyed to state empha¬ 
tically such a correlation between a habit 
peculiar to a people and the high incidence 
of a given cancer. This is the topic I wish 
to digress upon a little today—’and 
outline for you in brief the laborious task 
that has engaged us for many years—to 
prove that habits, customs and usages 
can serve as causal agents for cancer 

Bacco-pharyngeal Cancer 

In most parts of India and Ceylon, the 
number of persons suffering from cancer 
of the mouth and oropharynx far exceeds 
those afflicted by cancer of any other 
part of the body. This is particularly 
striking in the case of men In a study of 
2,000 consecutive cancer patients in 
Bombay during a period of 11 months, 
almost half (877) presented cancer of the 
mouth and the adjacent portion of the 
pharynx The distribution of some of the 
principal sites in this region of the upper 


alimentary tract was as shown below: 



Percentage ol 

Si te 

bucco-phaiyngeal 


c ancei 

B?se of the tongue 

2") 

Hypophaiynx 

21 

Buccal Mucosa 

13 

Tonsil 

13 


It has been observed that there is a 
peculiar localization of bucco-phaiyngoal 
cancer in different geographical icgions 
of India, and also in different communities 
in the same locality. 

Cancer of the lower lip {hhaini cancel) 
Cancer in this form is seen licquenlly 
in Bombay (Khanolkar and Suiyabai 
1945), but in Bihar and the adjacent aieas 
of Uttar Pradesh it is found to be the 
most common variety of malignant diseases 
in the mouth 


Place 

Oral cancel 

lap (an(< i 
with alv< olus 

Bombay 



1941-45 

2,326 

115 (4<)l) 

Patna, Bihai 



1944-46 

1,156 

661 (57 11) 


The figures in parentheses represent peicent<ig<‘s ol 
Up cancer relative to total oial tancci. 


This remarkably high incidence is associa¬ 
ted with the habit, particulatly in men, 
of sucking, slowly, a mixture of tobacco 
and lime The habit is common in the 
poorer people who rub with the right 
thumb a powder of dried tobacco and 
slaked lime in the plam of the left hand 
until the desired mixture is obtained. This 
mixture {khaini) is then deposited in small 
amounts and at frequent intervals, during 
the day, in the lower gingivo-labial 
groove and gradually swallowed after 
dilution with saliva. 
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Cancer of the mucous lining of the cheek. 
Cancer of the mucous lining and the 
adjacent gingival groove overshadows all 
other types of oral cancer in the south¬ 
western coastal regions of India and 
Ceylon. The relative incidence decreases 
from south to north reaching a maximum 
in Ceylon and Travancore. 

This type of cancer is believed to follow 
the habit of betel leaf and betelnut 
chewing, but it is doubtful whether the 
usual constituents of betel {pan) play any 
role in its connection In Indonesia, 
cancer of the cheek is extremely rare, 
although the Javanese, particularly in 
rural areas, chew betel leal and sliced 
betel nut continuously. Ealendia (1946) 
noticed that ol the 246 patients addicted 


to this habit and observed by him at the 
Dental Institute, Colombo, during the 
previous 20 years, none developed oral 
cancer after they had submitted them¬ 
selves to adequate dental tieatmcnt and 
followed simple rules of oral hygiene, 
even though they continued the habit ol 
chain betel chewing 

A survey of 10,000 men over the age of 
30 years to determine their tobacco 
chewing and smoking habits, with or 
without betel leaf and nut, and the 
influence of these habits on the develop¬ 
ment of prc-canccrous changes in the 
mouth has provided some mteiesting 
infoimalion It appears that betel chewing, 
lai honi causing cheek cancel, probably 
inhibits Its development 


Chewing habit 

Smokers 

Non-smokers 

Numbci 

With oial* 
signs 

Number 

With oia^* 
signs 

Tobacco only 

112 

■•.2 (48 2) 

1,148 

494 (39 7) 

Tobacco with betel 

990 

I8(' (18 8) 

2,392 

300 (12 8) 

Non-addicts 

3,777 

1,1()') (31 0) 

1,()17 

287 (14 0) 


♦Oral signs refer to pie-cancetous conditions 
The figuics in paieiuhoses lepiescnl pruentagis 


In Bombay city, check cancel is seen 
more commonly in Dcccani Hindus, who 
woik mainly as gardeners, millhands, 
stevedoies and policemen Tlicii habit of 
chewing tobacco, with or without betel, 
and of keeping the cud in the check for 
several hours is very common Where the 
rules of work prevent smoking while on 
duty, as in the case of policemen, it is 
common practice to chew tobacco. The 
association of this habit with the produc¬ 
tion of cancer is probably dependent on 
other ancillary factors such as poor oral 
hygiene, malnutrition and the lack of 
adequate vitamin B complex in the diet 
(Waravdekar, Mangaonkar and Khanol- 
kar 1950). It seems likely that the variety 
of tobacco, the soil in which it is grown 
and the method of its curing determine 


largely the changes m the oral mucosa 
'rims the people ol CIcylon chew inarnly 
the Jaflna tobacco; the people ol Travan- 
cotc chew the Jaflna and Menapalayan 
(Vaddakan) variety, whereas in Bombay 
the Necpani variety is commonly used 

Cancer of the palate (Clhiitta cancer*) In 
the mid-eastern coastal regions of India 
(Andhra State) cancer of the hard palate 
appears to be fairly common 

This type of cancer is assocaited with the 
habit of the reverse smoking {adda poga) 
of a cigar {chutta) with the burning end 
inside the mouth The high incidence of 
palate cancer in Andhra is probably 
associated with an exposure to probable 
carcinogenic substances from the burning 
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tobacco, and the heat generated in the 
vicinity of the live end of the chuita or 
cigarette. 

Cancer of the base of the tongue and tonsil: 
Cancer of this type is more than twice 
as common in Gujarati Hindus as in the 
Deccani Hindus in Bombay. 

The Gujarati Hindus are particularly 
addicted to smoking local cigarettes {btdi) 
made by rolling tobacco flakes in a dried 
leaf of a variety of Bauhtnia or Diospyros. 
A study (Sanghvi, Rao and Khanolkar 
1955) of 1,460 consecutive patients with 
oral cancer who attended the Tata 
Memorial Hospital, Bombay, during 
1952-54 is suggestive. It appears that 
cancer of the base of the tongue and 
hypopharynx is associated with the com¬ 
bined habit of smoking btdis and chewing 
tobacco. The marked preponderance of 
this type of cancer is shown below 


Cancer of the Ba^e of the Tons,ne and Tonsil in 
Males m three Communities — Tata Memorial Hospital 
Bombay, 1941-45 



Oral 

cancer 

Cancel of 
base of 
tongue 

Cancel of 
tonsil 

Deccani Hindus 

418 

148 (35 4) 

57 (13 6) 

Gujarat] Hindus 

601 

354 (58-9) 

121 (20 1) 

Muslims 

440 

198 (45 0) 

65 (14 8) 


The figiires in parentheses represent percentages of 
tongue and tonsil cancer relative to total oral cancer 


The total attendance at the hospital of 
the Deccani Hindus compared to Gujarati 
Hindus dunng this penod was in the 
proportion of 3:2. It is seen that cancer 
of the base of the tongue and tonsil is 
more frequent in Gujarati Hindus than in 
Deccani Hindus Cancer of these organs 
in Bombay Muslims occupies an inter¬ 
mediate position, as most of them are 
converts from Gujarati or Deccani Hindus 
and still retain the language and many 
of the habits of the people from whom they 
originated 


the exposed parts of the skin (face, cars, 
hands and so on) is much less iicqucnl in 
pigmented races than in faiici tpeojile 
living in the same locality (Puente Duany 
and Fonts Abreu 1948). In Southern India 
this variety of cancer does not constitute 
more than 2 per cent of all cancels In 
the more lightly pigmented people m 
tropical countries it is more than 10 times 
as frequent, particularly in persons who 
are exposed to wind and sun m the pei- 
formance of their daily work 

There are two types of cancel of the 
unexposed part of the skin which are 
peculiar to India and which arc associated 
with particular customs 

Kangri cancer The people of Kashmir keep 
warm by carrying outside, and often 
undci their long shirts, an ungla/ed eai then 
pot packed with smouldering dry maple 
(chinar) leaves The eai then pot is covered 
with a basket of reeds and is cithci suspen¬ 
ded from the neck oi held in the hand 
In men the use of the Kangii leads to a 
severe erythema of the skin coveimg the 
abdomen and the inner suiface ol the 
thighs during the eaily winter months 
In women the erythema spreads to (he 
pudendal regions and the lower suiface 
of the breasts. With the coming ol spnug 
the erythema subsides, except in a small 
number of people in whom a mild eczema 
persists for several months Neve (1900) 
and Neve (1924) observed a prc'valence 
of squamous-cell cancer of the skin of the 
lower abdomen or the thighs in the 
people of Kashmir and associated its 
occurrence with the use of Kangri and the 
skin burns frequently caused by it It is 
doubtful whether the presence of these 
mild burns affords the entire basis for the 
causation of this cancer and it may be 
necessary to study the action of probable 
carcinogenic substances in the smoke of 
chinar leaves, and the altered competence 
of epidermal cells subjected to recurrent 
inflammatory changes every winter. 


Cancel* of the Skin Dhoti cancer: In most parts of India a 
It has been pointed out that cancer of piece of cotton cloth is worn to cover the 
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lower part of the body. This cloth, which 
for men is called the dhoti and for women 
IS called the sari, is tied tightly round the 
waist with one of the shorter ends carried 
under the groin and tucked at the back 
The poorer people are obliged, through 
economic necessity, to work, sleep and 
bathe with the dhoti firmly attached to 
the loins. The method of wearing this 
garment is followed after many years by 
patches of depigmentation, glazing of the 
skin, acanthosis and, occasionally, carci¬ 
noma of the skin of the loin or groin 

Carcinoma of the Penis 

Low incidence in circumciied races • Phimosis 
and cancer of the penis aie almost non¬ 
existent in Jews and aie lelatively laic m 
Muslims, piimaiily because circumcision 
is an essential ritual in these faiths On 
the other hand in the uncircumcised 
Hindus and Chinese it is a frequent disease. 
The incidence is low in most Western 
countiics (1 25 per cent of all malignant 
tumours m the male), while it rises to 
about 5 per cent in some central European 
countries and Spain (Dean 1935, Sauer 
and Leighton 1944) and to 8 per cent in 
Vietnam (Joyeux and Nguyen 1950) The 
lelativc infrequency of this type of cancer 
m circumcised persons has often been 
commented upon and has been reviewed 
by Kennaway (1947) His conclusions 
agree with the findings in Bombay, wheie 
no such cancel was encountered m tlie 
Jews who constitute loughly about 0 5 
per cent of the population In the liist 
10,000 patients examined at the Tata 
Memorial Hospital there were only 2 
instances of this cancer in Muslims as 
against 86 in Hindus The attendance of 
the Muslim to Hindu males during the 
period was roughly 1 : 3. 

In assessing the importance of circumcision 
in the prevention of penis carcinoma, the 
age at which the operation is practised and 
the thoroughness with which it is perfor¬ 
med must be considered. In the perfor¬ 
mance of a ritual, considerations other than 
anatomical play an important part and, 
evert though the age for circumcision may 


have been prescribed by religious canon, 
Its observance shows considerable latitude 
in the Muslims In many parts of India 
the ritual is usually performed before the 
age of 6 years In Indonesia the usual age 
for circumcision is between 8 and 14 years 
and in a large number of children it is 
performed by the indigenous medicine 
man, Dukun Kouwenaar (1933) has 
referred to the existence of cancel of the 
penis in circumcised Javanese and its 
greater frequency in the Clhinesc who have 
settled in Indonesia The disease was 
frequently seen in the Indo-Chinese in 
North Vietnam 

Cancer of the Breast 

Cancel of llie liieast is not seen as fre¬ 
quently by us in India as m most of the 
Western countries For instance, at (he 
Tata Memorial Hospital it accounted foi 
7 4 per cent of all cancer cases as against 
16 2 per cent at the Memorial Hospital 
in New Yoi'k and 16 6 per cent at the 
London County Hospitals However, 
cancer of the breast appears to be the 
second commonest type of cancer in Indian 
women In an analysis ol the lust 10,000 
cases at the Tata Mcmoiial Hospital theie 
were 655 women with cancer of the ceivix 
uteri and 428 with cancer of the bic’asl 
A caieful study of the distiihiition ol tins 
type ol cancel ac cot ding to communities 
revealed an mteiesling lad that it was 
much commoner m Parsi women than m 
the dillerent groups of Hindu women In 
Bombay city there arc roughly 30 Hindus 
to 1 Parsi The frequency of cancer of the 
breast, however, as observed by us was 
approximately 3 in Hindus to 1 in Parsis 
in the patients attending our hospital 
In other words, 10 times more cancer of 
the breast was seen in Paisis than could 
be expected on a population basis of the 
city. It would be further seen that during 
the 5 years 1941-45 the frequency of breast 
cancer in Parsi women was 49-2 per cent 
of all cancers and only 15’8 per cent in 
Hindu women In the case of Muslim and 
Christian women the frequency was in 
between these two figures and represented 
23-6 per cent and 27-8 per cent respectively. 
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Cancer of the breast occurred at a slightly 
earlier age in Hindu women than m the 
Parsis. Thus, for instance, the highest 
incidence in Hindu women was m the 
age group of 40-49 and in the Parsi women 
between 50-59 years As is well known, 
in Western countries the highest incidence 
of breast cancer is usually between the ages 
of 45 and 59. These findings naturally 
attracted our attention and we have been 
studying the probable causes for these 
marked differences in the frequency of 
breast cancer in the different communities. 
We believe that the following considera¬ 
tions may play an important role in the 
production of these differences. 

The ancestors of the Parsis migrated to 
India from Iran many centuries ago. 
They have tried to carefully maintain the 
rehgious observations and inhibitions which 
they brought with them to India They 
form a small but well-knit community 
which tries to keep intact by marrying 
only between themselves Close inbreeding 
is very prevalent amongst them and it is 
believed that this has accentuated the 
incidence of certain diseases in them. The 
Parsis have mainly taken to business and 
are economically a much higher group than 
the Hindu population. 

It was observed that the Parsi women on 
an average marry 10 years later than the 
Hindu women. A study of the marital 
status and the number of children in our 
breast cancer patients, according to com¬ 
munities, revealed that almost one-third 
of the Parsi group was unmarried, whereas 
in the case of Hindu women this proportion 
was hardly 2 per cent. It was also observed 
that the proportion of Parsi women with 
more than 3 children was much smaller 
than that for the Hindu women. We, 
therefore, believe that late marriage, fewer 
children in married women and late and 
scanty lactation with continued retention 
of breast secretions contribute towards the 
production of breast cancer in these women 
more so than in Hindu women in whom 
the opposite conditions prevail. 


Thus in the last few minutes I have put 
before you some of our ideas on the 
provocation of human cancer by man’s 
own environment. Today all research, 
basic and applied, is geared to the avail¬ 
ability of powerful tools I want to em¬ 
phasize, rather gently no doubt, to a 
gathering like this, a simple scientific 
thought first enunciated by John Hunter. 
That doyen of British surgeons always 
held that detailed observation and the 
shifting of facts yielded much knowledge 
about human disease, its causes and 
nature Following of these precepts in our 
investigations over the last few years has, 
you will all agree with me, yielded a rich 
harvest indeed. 
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COUMARINS AS NATXJRAL PRODUCTS, A FIELD OF PERENNIAL 
INTEREST 


T R Seshadri 

[delivered at New Delhi, 1968) 


In the progress of the chemistry of natural 
products during the past century and a 
half, coumarins have played an important 
part We have had a large number of 
occasions to deal with them in the course 
of our own investigations I propose to 
deal with some of the more important of 
these subjects 

Early studies 

The parent compound of this large group 
of natural products is a comparatively 
simple substance and was discovered by 
Vogel in 1820 He isolated it from tonka 
beans, seeds of Diptenx odorata, a plant 
found in South America, and called it 
tonka benzoic acid Actually crystals of the 
substance could be found inside the cut 
bean Gerhard and Dumas determined 
its molecular formula correctly as C 9 H 6 O 2 
in 1846 Later in 1868, its constitution was 
established by its synthesis (Chart la) by 
W H Perkin (Sr) In essence this continues 
to be the method of commercial synthesis 
but there were great difficulties of obtain¬ 
ing good yields It involved the condensa¬ 
tion of salicylic aldehyde with sodium 
acetate and acetic anhydride and was the 
first example of the well-known ‘Perkin’s 
reaction’ Generally it gives poor yields and 
is temperamental, being markedly in¬ 
fluenced by the purity of the reagents and 
the reaction conditions. The by-products 
which may become considerable are acetyl- 
coumaric acid and salicylaldehyde tria¬ 
cetate. The addition of catalysts like iodine 
and zinc chloride has been reported to 
increase the yield of coumarin. Salicylalde¬ 
hyde as starting material is also quite 
costly Improvements have been made in its 
preparation (Chartli) from orthocresol and 
condensation with cyanoacetic acid yielding 
coumarin-3-carboxylic acid which under¬ 
goes decarboxylation to yield coumarin. 


Coumarin is one of the most important 
aromatic compounds, and its annual pro¬ 
duction is very large It is used extensively 
in perfumery because of its characteristic 
pleasant odour and to a greater extent for 
flavouring purposes, e g artificial vanilla 
compositions Large quantities of coumarin 
are consumed by the bakery industry to 
impart a pleasant and palatable vanilla- 
butter note to cakes and biscuits The 
beverage industry is another user of 
coumarin and many soap perfume formulae 
contain a small percentage of coumarin; 
It IS also added to smoking tobacco in order 
to impart a pleasing aroma More recently, 
coumarin is being used in ever-mcreasmg 
quantities as a neutralizer of disagreeable 
odours of many industrial products such as 
rubber and plastic materials, as well as 
household articles such as curtains and 
aprons and even in paints and sprays 
Coumarin also possesses several useful 
physiological properties, it has antifungal 
action and controls seed germination and 
root growth 

In the closing years of the last century 
and the early years of this century, a large 
amount of work was done on the physical 
properties and chemical reactivity of the 
coumarin molecule, and the preparation 
and reactions of substituted coumarins. 
Substitutions readily took place in the 
positions 6 , 8 and 3 and many derivatives 
were obtained The marked stability of the 
coumarin structure and its properties were 
considered to indicate that it has an 
aromatic structure as shown in the follow¬ 
ing formulae (Chart 2). It satisfies Huckel’s 
rule for aromaticity. In some respects, 
however, it can be compared to phenyl 
cinnamate with only one benzene ring. 

About the same time, several methods of 
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synthesis of coumarin and substituted 
coumarins were studied Besides Perkin’s 
reaction the well-known Pechmann’s 
method and its various modifications were 
developed and used. Some of the products 
occurred in nature, e g umbelliferone, 
aesculetin, daphnetin, limettin and bergap- 
ten and some of them were found to be 
useful as drugs, eg. derivatives of coumarin- 
3-carboxyIic acid A large volume of data 
was collected about them 


The double bond in coumarin is a centre 
of reactivity; besides inorganic compounds 
like sodium bisulphite and mercuric chlo¬ 
ride, compounds with reactive methylene 
groups readily add to it, and produce a 
variety of compounds The reactivity is 
considerably controlled by substitution in 
the various positions Another study is the 
geometrical inversion in the o-hydroxy 
cinnamic acids derived from the coumarins 
(Chart 3). It is markedly catalysed by 
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mercury compounds and influenced by 
light. A typical example is the complete 
conversion of coumarm into coumaric acid 
(trans) when shaken with dil. sodium 
hydroxide and mercuric oxide for ten 
minutes. The reverse change of coumaric 
acid or ester into coumarm takes place 
fast with mercunc chlonde in acid medium 
or when exposed to sunhght. Analogous 
process of catalysed ring closure from 
trans acid to coumarin was suggested for 
its biosynthesis in plants This has been 
realized in recent years. The origin of 
coumarin seems to be cinnamic acid which 
undergoes oxidation and glucoside forma¬ 
tion to yield O-glucoside of coumaric acid 
that has been found to occur in plants 
By enzyme hydrolysis of the glucoside and 
ring closure either involving illumination 
or catalyst, coumarin is produced (Chart 
3). 

Photodynamic coumarins 

During the thirties, active work was done 
on the chemical components of plant drugs 
which had been for a long time used for 
the cure of skin diseases, like psoriasis and 
leucoderma. The seed of a leguminous 
plant commonly growing in various parts 
of India, called Psoralea coryhfolia, was 
being used in this way. It was found 
to contain, as main components, psoralen 
and isopsoralen (Chart 4a) Their constitu¬ 
tions were established as isomeric furano- 
coumarins Further, the seeds of Ammi 
majus, largely grown in Egypt and also to 
some extent in Indian gardens as an orna¬ 
mental plant and used for a similar pur¬ 
pose, were found to contain xanthotoxm, 
imperatorin and bergapten Later, these 
compounds were found in a number of 
other sources also The widespread occur¬ 
rence of such compounds like bergapten 
and xanthotoxm explains the frequent 
incidence of photodermatitis of vegetable 
origin; for example, celery and parsley 
cause dermatitis in the hands of people 
who handle them and this has been traced 
to the presence of vergapten in them. 

The photodynamic property of the above 
coumarins has been studied in detail in 


recent years and is found to differ markedly 
from the activity of hypericin and fago- 
pynn (Chart 4i) which are present in 
certain plants used as cattle fodder and 
cause undesirable photosensitiveness to 
animals. The coumarin group can be used 
as drugs Therefore effective methods of 
preparing these compounds from the plant 
sources have been satisfactorily developed. 
Special mention may be made of psoralen- 
isopsoralen mixture from Psoralea seeds 
in India and xanthotoxm and related 
compounds from Ammi majus seeds m 
Egypt. There were difficulties in their 
synthesis by the methods known earlier. 
Most of them were tedious and gave poor 
yields We have recently described new 
procedures based on considerations of 
possible biosynthesis of these compounds 
in plants Psoralen and xanthotoxm can 
be made conveniently in less number of 
steps and in good yields (Chart 5) The 
mam intermediates are C-allyl compounds 
which are subjected to oxidation and ring 
closure 

Dicoumarol group 

A very important discovery was made in 
1940 by Link and his co-workers They 
studied the cause of the haemorrhagic 
disease of cows that had been fed on spoilt 
clover The toxic chemical substance was 
isolated and named dicoumarol Its consti¬ 
tution was given as m Chart 6 (R=H). 
It had already been synthesized by 
Anschutz as early as 1909 in the course of 
his study of the properties of 4-hydroxy- 
coumarm called also as benzotetronic acid. 
It condensed with formaldehyde to yield 
dicoumarol. Link et al considerably im¬ 
proved the synthesis (Chart 7) It was 
extraordinary that clover hay which nor¬ 
mally contains coumarin had developed 
the new compound under improper condi¬ 
tions of storage when the clover got spoiled. 
Its formation was considered to anse as 
shown in the formulae (Chart 8) and 
involved a stage of oxidation. 

The interesting result is that this toxic 
compound has turned out to be a very 
useful drug; it functions as anticoagulant 
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and is thus used. A large amount of 
research has been done to prepare deriva¬ 
tives with better properties. ‘Syntrome’ is 
one such. By a deviation in the synthesis 
can be prepared a useful rodenticide which 
goes by the name wharfann. 

In order to learn more about the mode of 
action of the coumarin anticoagulants from 
structure-activity correlation studies, we 
investigated dicoumarol derivatives having 
a phenyl group on the bridge methylene 
un-substituted as well as variously substi¬ 
tuted The prevailing theories that anti¬ 
coagulants have anti-vitamin K action and 
that hemi-ketal formation is a key step in 
their functioning do not seem to be ade¬ 
quate to explain all observations Though 
the introduction of a phenyl group on the 
bridge in dicoumarol considerably brings 
down the activity, it could be stepped up 
to varying degrees by introducing various 
substituents on the phenyl, e g a methoxyl 
at the 4'-position which seems to produce 
some other desirable properties also; 
similar is a styryl derivative obtained by 
the action of cinnamic aldehyde on 4- 
hydroxy coumarin (Chart 6) 

3-Substituted umbelliferones 

Earlier work had shown that several cou- 
marins exhibit considerable fish toxicity, 
3 -phenyl umbelliferone derivatives were 
specially good There was an example of 
picrotoxm that was a fish poison which 
also possessed antiveratnnic and anti- 
arrythmic activities Based on this analogy 
coumarins of diflferent types were prepared 
and tested for antagonizing the veratrine 
response in the muscle of frogs. The best 
among these were 7-methoxy-3-phenyl 
coumarin and 7-raethoxy-4-phenyl cou¬ 
marin, each of which was three times as 
active as quinine. 

Coumarin derivatives have marked fluore¬ 
scence and some of them give bright 
fluorescence not only in UV but also in 
ordmary daylight. Coumarin itself fluore¬ 
sces in cone, sulphuric acid; umbelliferone 
is much better. A detailed study of a large 
number of coumarins was made by us 


during the last war. The influence of sub¬ 
stituent groups and solvents were traced to 
their effect on the resonance of the mole¬ 
cular structure; the double bond in the 
pyrone ring is essential for this purpose. 
A hydroxyl or methoxyl in the 7-position 
and an electron sink in the 3-position 
considerably enhance the fluorescence. 
Among them 3-phenyl and 3-carbethoxy 
umbelliferone (Chart 9) and their methyl 
ethers are very powerful They fluoresce in 
neutral alcoholic solution and even in the 
solid state Some of these may be useful 
against sunburn and for radiation protec¬ 
tion Experiments have been made by 
Baker and Haksar incorporating these 
structures in other compounds for improv¬ 
ing chromatographic separation of colour¬ 
less compounds, 7-methoxy coumarin-3- 
carboxyhc acid is one of the most useful 
for this purpose 

Coumarins of Derris species 

During the war years there was great 
interest in the study of Indian Derris 
species because owing to the occupation of 
Indonesia and Malaysia by Japanese 
forces, the supply of Derris as a safe and 




Chart Bftlborgin, Inlifolin and dalboigonono 
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powerful insecticide was cut off. At this 
time it was well established that rotenone 
(Chart 10) and closely related rotenoids 
are the active components of D. elliptica 
and D. malaccensis Among Indian Derns 
species, the roots of D. fenuginea from 
Assam contain rotenone (4 3%) and are 
important. But there is a variety of this 
species that is devoid of rotenone Denis 
elliptica was also grown in suitable localities. 
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yielded members of the scandenin group 
which now number fairly large. They 
exhibit strong acid properties and are 
fairly stable m alkali. They have consider¬ 
able toxicity though not so high as the 
rotenoids. Their full chemistry has been 
understood only recently and they are 
now known as derivatives of 3-phenyl-4- 
hydroxy coumarin having one or more 
CgHg units Some of the typical members 
are given in the formulae (Chart 11). 

Goumestrol group 

These are also derivatives of 3-phenyl 
4-OH coumarin but this hydroxyl group 
IS involved in the formation of a fourth 
ring. The earhest member, wedelolactone, 
was isolated from Wedelia calendulacea by 
Govindachari et al. in 1956 and later from 
Eclipta alba also These are well-known 
vegetable drugs used for curing certain 
types of ]aundice Besides this, E alba also 
contains nor-wedelolactone and trithienyl 
carbmol (Chart 12) and sulphur containing 
amino-acids. Possibly all these play some 
part in the curative action Later the 
simpler compound coumestrol was found 
in clover and it has marked oestrogenic 
properties. Many more members of this 
group have recently been isolated and 
several of them have been synthesized by 
convenient methods 


Novobiocin 

This is an antibiotic produced by some 
Streptomyces species and has special value 
because it controls penicillin resistant 
organisms, particularly Staphylococci Its 
molecule consists of three parts, a central 
4, 7(0H)2 coumarin ring with the sugar 
unit hnked in the 7-position and a para 
hydroxy-benzoylamide linked in the 3- 
position (Chart 13); it has been synthe¬ 
sized. Many similar coumarins of simpler 
type have been prepared by N. V. Subba 
Rao et al. of Osmania University and 
tested for antibiotic activity. 


Ceabt 17 Structure of vagimdm. 

However, the roots of D. scandens and 
D. robusta did not yield rotenoids but 


Neoflavonoids 

These are 4-phenyl coumarins. The first 
members, dalbergin and methyl dalbergin, 
were isolated from Dalber^a sissoo about 
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the year 1950. Dalbergin has also been 
found in D. latifolia. Along with it, related 
quinone and quinol derivatives also occur, 
e.g. dalbergenone and latifolin (Chart 14), 
The neoflavonoid group has also increased 
in number in recent years. It may be 
mentioned that brazilin and haematoxylin 
which have been known as components of 
dyewoods for over 100 years and have been 
studied by Perkin and Robinson are now 
recogmzed as neoflavonoids. 

In 1916 Simonis wrote his well-known book 
on the Chemistry of Coumanns. He listed 
only a few members of this group as 
occurring m nature. Many more have been 
discovered later and some of them have 
been mentioned earlier m this lecture. The 
family Umbelhferae (the common Coriander 


is a member of this family) is very prolific 
in the production of a large number of 
coumarin compounds. They are mainly 
derivatives of umbeltiferone and 5-hydroxy 
umbelliferone with substituents in the 6- 
and 8-positions. Isoprene units are com¬ 
monly present either as a chain or in the 
form of a ring involving the neighbouring 
hydroxyl groups. Even the 2-carbons pre¬ 
sent in simple benzofuran rings are con¬ 
sidered to arise from the modification of 
the C® units and this idea has been used 
for the convenient synthesis of these 
compounds, e.g psoralen and xanthotoxin. 
Recently a very large number of new types 
have been isolated and studied in detail. As 
representative examples I propose to give 
the results of our study of two important 
plants of this family occurring m India. 
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Selinum vaginatum 

More than 10 years ago there was great 
interest in the properties and components 
of Jatamansi {Kardostachys jatamatiii) and 
we were supplied with samples of roots 
which were considered to be belonging to 
this plant. Since they did not yield jata- 
mansone and were found to be different 
from the genuine root, we did not continue 
the investigation then, but more recently 
when more supply of the plant became 
available from Jammu and Kashmir 
we have made detailed study of it. It 
resembles Jatamansi only in general form 
and its colour is grey, whereas Jatamansi 
is brown Its microscopic characters are 
very different. It is now quite easy to 
differentiate between the two by carrying 
out the TLG of the petroleum ether 
extracts. Sehnum vaginatum contains a 
number of coumarins (Chart 15) that are 
not present in Jatamansi and is lacking in 
the ketone jatamansone which can be ex¬ 
tracted easily from Jatamansi and tested. 
There is another marked distinction. An 
alcohohc extract of S vaginatum gives a 
deep red colour with magnesium and 
hydrochloric acid indicating the presence 
of a flavonoid, whereas Jatamansi does not 
give this test. The flavonoid compound is 
new and named selenone. So far the asso¬ 
ciation of coumarins with flavonoids has 
been considered to be rare. 

From the petroleum ether extracts five 
coumarins could be isolated. Three of them 
are already known ones, angelicin, oroselol 
and lomatin (Chart 15). The other two, 
selinidin and vaginidin, are new com¬ 
pounds. The former is a major component 
and readily crystallizes out of the petroleum 
ether extract. 

Selinidin is a highly crystalline compound 
melting at 97-98°, has the molecular 
formula C^HgoOg and shows the charac¬ 
teristic properties of coumarins. Com¬ 
parison of its spectra with those of known 
coumarins provided strong evidence for the 
presence of 7-oxygenated coumarin chro- 
mophore. It underwent hydrogenation to 
yield a tetrahydro derivative, IR spectral 


studies showed that selinidin was an ester 
of a hydroxy coumarin with an unsaturated 
acid. Though alkali hydrolysis gave tighc 
acid, it was clear that originally angehc 
acid was present from the NMR spectral 
data; the change from angehc to tighc is 
particularly facile. Important evidence for 
the structure of the hydroxy coumarin part 
(selenetin) was obtained by the dehydra¬ 
tion of the hydroxy coumarin by acid, the 
product being identified as dihydro-oro- 
selone (Chart 16). This left four possibihties 
for the constitution of selenetin; however, 
from other reactions and consideration the 
correct choice was made; it was clear that 
during dehydration of selenetin there was 
ring contraction also involving an interest¬ 
ing molecular rearrangement. About the 
same time as our work, Soine et al. obtained 
it as a free alcohol from another source 
and named it lomatin. Using this name 
selinidin will be lomatin angelate. 

Vagmidin 

The second new coumarin, vaginidin 
present in S. vaginatum, is also a highly 
crystalline compound melting at 133-34° 
but it has been far more difficult to isolate 
and required elaborate column chromato¬ 
graphy. Its molecular formula is GigHaaOg, 
its spectral data and colour reactions 
suggested that it had the same chromo- 
phore as selinidin and was also an ester. 
It was therefore subjected to alkaline as 
well as acid hydrolysis and in both cases 
it yielded angelicin and isovaleric acid. 
Obviously besides ester hydrolysis there 
were other changes involving loss of 
groups. These observations gave nse to 
four possibilities for the structure of vagini¬ 
din. However, by the study of hydro¬ 
genation and NMR spectrum the correct 
choice has been made as shown in the 
formula (Chart 17). It is clear that during 
the hydrolysis retro-aldol cleavage takes 
place followed by loss of water. 

Absolute configuration 

In recent years a large volume of effort 
has been devoted to the establishment of 
absolute configuration of optically active 
compounds. In many cases the work has 
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Chart 22 Struoiuice of aibincin. 
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Chart 23 Synthesis of sibincin. 
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been rendered easy by the availability of 
reference compounds whose configurations 
have been definitely established and the 
new ones are studied by determining rela¬ 
tionship with the known. The absolute 
configuration of selinidin and vagmidin 
has been settled in the following manner- 

The absolute configuration at the 3'-posi¬ 
tion of sehnidin and selenetin was esta¬ 
blished as (S) by correlation with cis- 
methyl khellactone (Chart 18). In vagini- 
din there are two asymmetnc positions, 
2' and 3'. Since the compound could be 
converted into tetrahydro-oroselol by cata¬ 
lytic hydrogenation and ester hydrolysis, 
the configuration at 2 ' was concluded to 
be (S) (Chart 19). From its properties and 
NMR spectrum vaginidin should have dis- 
configuration in 2'- and 3'-positions. Con¬ 
sequently it should have 2'(S) 3'(S) confi¬ 
guration. These studies seem to throw 
useful light in regard to the biogenesis of 
these compounds in plants. 

Considerable interest has been shown on 
the biogenesis of these compounds. About 
10 years ago we collected and correlated 


the structures of compounds containing 
the C 5 H 3 units attached to coumarins and 
other types of compounds. These units 
derived from mevalonic acid enter reactive 
nuclear positions yielding first dimethyl- 
allyl denvatives (Chart 20). Subsequent 
transformations are indicated by the 
subsequent charts. 

In some compounds there are two 
hydroxyls; the second ones in the benzyhc 
position seem to arise by stereospecific 
oxidation. Angelicm represents a type in 
which oxidative cyclication involves loss 
of three carbon atoms. 

Seseli sibincum is another plant belonging 
to the Umbelliferae and occurring mainly 
in Kashmir. It is used for blending 
beverage and as medicine for livestock 
The umbels of this plant have yielded, 
besides the well-known compounds 
—'Osthol, imperatorin and bergapten 
(Chart 21), a new member, sibincin, 
which IS a representative of an important 
type. It has the molecular formula CAO, 
and has the chemical and spectral proper¬ 
ties of a 5, 7-oxygenated coumarm with 
an epoxide unit. "Two important, reactions 
whichestabhshed its structure are: ( 1 ) con¬ 
version into a glycol (sibiricin glycol) 
when treated with I per cent oxalic acid 
and ( 2 ) formation of sibiricic acid by 
alkali hydrolysis involving a rearrange¬ 
ment (Chart 22). A significant observation 
is that the above glycol is optically active 
and appears to be identical with mexoticin 
recently isolated from Murraya exotua 
(Chart 24). 

Epoxide formation is the result of easy 
oxidation of unsaturated compounds in 
plants and epoxides occur frequently. The 
above structure of sibiricin has been con¬ 
firmed by synthesis (Chart 23). Synthesis 
of such types is somewhat difficult and has 
been engaging our attention. A direct 
synthesis would be by the introduction of 
isoprene unit in 5-methoxy-7-hydroxy 
coumarin. But this does not take place in 
a satisfactory manner and has therefore 
been done in an earlier stage (salicylal- 
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dehyde stage) and coumarin. ring closed 
and epoxidation efTected finally. 

The dime thy 1-ally 1 coumarin, prepared 
as an intermediate in the synthesis of 
sibiricin, has been very recently found to 
occur as a natural product in the ripe 
fruits of Ad^urraya pamculata and has been 
named coumarrayanin (Chart 24). The 
components of Murray a species indicate 
paths of biogenesis. 

Conclusions 

In the progress of the chemistry of natural 
products during the past century and a 
Ixalf, coumarins have played an important 
part. We have had a large number of 
occasions to deal with them in the course 
of our own investigations. 

The parent compound coumarin was 
isolated by Vogel in 1820 from tonka beans. 
Its synthesis was effected by W H Perkin 
in 1868 and his method is even now 
adopted with some essential improvements. 
It has become one of the most important 
and useful among aromatic compounds 
and its annual production is very large. 
Towards the end of the last century and 
early this century considerable work was 
done on the properties and reactions of 
coumarins and on the methods of their 
syntheses. The additive reactivity of the 
double bond in coumarins and the geo¬ 
metrical isomerism in acids derived from 
them led eventually to an understanding 
of the biogenesis of the naturally occurring 
members. 


The study of Indian and Egyptian drugs 
used for skin diseases that began with the 
thirties of this century led to detailed 
investigations on the furanocoumarins and 
their photodynamic properties and to their 
easy syntheses. The next decade witnessed 
the discovery of dicoumarol and its 
important anticoagulant property and the 
development of other drugs in this line. 
Some coumarins have anti-veratrinic and 
anti-arrythmic action and some are capable 
of being used against radiation damage. 

Many species of Derns do not contain 
rotenoids but members of the scandenin 
group which are 3-pheny 1-4-hydroxy 

coumarins having one or more isoprene 
units. A related group consists of deriva¬ 
tives of coumesterol having important 
physiological properties. Novobiocin is 
an important antibiotic derived from 
4-hydroxycoumarin. The discovery of 
dalbergin, a 4-phenyl coumarin in the 
woods of Daltergia spp., initiated the 
study of a new group of compounds called 
‘neo-fiavonoids*. In recent years the study 
of the plants of the family Umbelliferae 
has led to the isolation of a large number 
of coumarins with isoprene units disposed 
in various ways. Selinum vaginatum and 
Seseli sibincum contain a number of these 
compounds in interesting association 
Selinidin, vaginidin and sibiricin are 
important new members that are represen¬ 
tatives of different structural types. 
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A USEFUL DEVELOPMENT IN THE CHEMISTRY OF FLAVONOIDS AS 
NATURAL PRODUCTS 


T R Seshadri 

(delivered at Bombay, January 1969) 


Importance of Ginkgo biloba (maiden¬ 
hair tree) 

Ginkgo biloba (maiden-hair tree) is a tree 
of great botanical and chemical interest. 
It is the only surviving species among 
Ginkgoales which were widespread in the 
very distant past between 60 and 250 
million years ago. It has apparently re¬ 
mained unchanged over geological ages 
and It has therefore been called a ‘living 
fossil’. It has long been cultivated in 
temple gardens of Japan where it is consi¬ 
dered sacred. Not only is the tree beautiful 
but the green fruits are eaten after frying. 
The flesh of the ripe fruits is found to 
contain toxic phenols. The tree has been 
introduced into European countries and 
the USA 

The extract of the leaves of this tree has 
been reported to have medicinal properties 
and it is now being marketed in West 
Germany in forms suitable for oral adminis¬ 
tration and injection. It is considered to 
possess blood flow increasing and vascular 
widening properties and is recommended 
for use in hormonal, nervous, vascular, 
blood flow and nutritional disorders. 

The special chemical components of these 
leaves have been studied intensively during 
the past ten years and their structures 
have been established. They are known as 
‘biflavonoids’ in whose molecules two Gjg 
units are linked together. In view of the 
important medicinal properties attributed 
to the leaves we have recently examined 
Indian plant sources for compounds of 
this type and have obtained some useful 
results. 

Before proceeding further, it may be 
useful to mention earUer discoveries on 
the medicinal uses of flavonoids. These 


polyphenols were originally valued as 
mordant dyestuff and this use has become 
obsolete after the introduction of synthetic 
dyestuffs. But their importance has con¬ 
tinued for other reasons. One of these is 
their vitamin P property. This was dis¬ 
covered by Professor Szent Georgyi more 
than 30 years ago At the present time 
Rutin, which is obtained on a large scale 
from buck-wheat and eucalyptus leaves, 
is used m medicine Similarly the biofla¬ 
vonoids, hesperidin and narmgm obtained 
as by-products of the citrus industry are 
employed for the maintenance of capillary 
integrity, control of spontaneous abortion 
and to aid in surgery and wound healing. 

Ginkgetin and related compounds. The leaves 
of G. biloba were first examined chemically 
by Furukawa in 1932. He proposed the 
structure of 5, 8-dihydroxy-4'-methoxy 
flavone (4'-methoxy prime tin) for the chief 
component which he labelled as ‘Com¬ 
pound B’. This was later on named 
‘ginkgetin’ by Baker who also showed 
that It was different from synthetic—4'- 
methoxy primetin. The study was progress¬ 
ing for over 25 years without conclusive 
results. The main difficulties were as 
follows: (i) the leaves yielded a mixture of 
three closely related compounds and their 
separation was originally difficult; [li] 
much of the earlier study was carried out 
with mixtures; {in) there was also difficulty 
of correctly determining the molecular 
size of these compounds. Eventually it was 
concluded that they were biflavonoids 
containing two flavonyl units and their 
constitutions were arrived at by the very 
extensive work of Japanese and British 
workers. 

The crude material contained at least 
three related natural products of which 
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Chart 1. Chemical degriMiatioDS of Gmkgetm 



Chart 2 Synthesis of Crinkgetm and its znethyl ether* 


two major ones were ginkgetin and iso- 
ginkgetin. It was later shown that these 
compounds could be comparatively easily 
isolated by taking advantage of Nakazawa’s 
observation that ginkgetin formed a rather 
insoluble crystalline potassium salt. Treat¬ 
ment of the mixture with aqueous potas¬ 
sium carbonate gave the sparingly soluble 
potassium salt of ^kgetin and aci^fication 
of the mother Uquor gave isoginkgetin. 
Later the surprising observation was made 
that the mixture could be easily separated 
by fractional crystallization from acetone. 
Since by the use of the Rast method for 
the determination of molecular weight 
satisfactory results were not obtained, 
the modified Menzies-Wright ebullioscopic 


method was used and the molecular 
formula of ginkgetin was found to be 
C 32 H 22 O 10 and it contained two methoxyl 
and four hydroxyl groups. 

The UV spectra of ginkgetin tetraacetate 
and tetramethyl ether indicated that they 
are derivatives of apigenin. Moreover, the 
intensities of the absorption bands were 
approximately double those of the mono¬ 
meric apigenin derivatives This demons¬ 
trated the presence of two isolated flavonoid 
units per molecule. Further studies of 
spectra particularly IR and colour reac¬ 
tions gave more information about the 
location of groups. But definite information 
was obtained % chemical degradations. 
The most important of these are given in 
Chart 1. 

They led to the conclusion that the 
flavonyl units had G-G hnkage and were 
linked at 3' and 8 " -positions. The position 
of the methoxyls was not only indicated 
by the nature of the fission products but 
also confirmed by the study of UV spectra 
in the presence of bases. The constitution 
proposed by Baker and co-workers in the 
year 1959 was 4', 7-0-dimethyl-3', 8 " -bi- 
apigeninyl (Chart la). 

Nakazawa effected a synthesis of ginkgetin 
tetramethyl ether in 1959 by a mixed 
UUmann reaction between 3'-iodo-5, 7, 
4"-trimethoxyflavone and 8-iodo-5, 7, 4'- 
trimethoxyfiavone using copper in dime¬ 
thyl formamide medium. One of the 
products was found to be identical with the 
tetramethyl ether of natural ginkgetin. In 
1963, Nakazawa synthesized ginkgetin 
itself as follows: He used for the protection 
of the free hydroxyl groups in the compo¬ 
nents benzyl and benzoyl units and these 
were conveniently removed later on to 
yield ginkgetin (Chart 2). 

As already mentioned two more related 
compounds (partial methyl ethers) have 
been isolated firom G. biloba leaves. They 
are isoginkgetin and bilobetin. The former 
is an isomeric dimethyl ether and the 
latter a related monomethyl ether. Soon 
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many other methyl ethers of this group 
were isolated. The parent compound of all 
these ethers is called ‘amentoflavone*. 
Originally it was considered to be rare; 
now several sources have been found. 
The trimethyl ether ‘sciadopitysin’ is of 
importance; it was isolated by Kariyone 
and Kawano in 1956 and their extensive 
work on it was complementary to the work 
of Baker et al (1959) on ginkgetin (Chart 3) 
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Chart 3. Amentoflavone series. 



Hinokiflavone : A different type of bifiavo- 
noid was isolated by Kariyone and 
Sawada in 1958 iBrom ChAmaecyparis obtusa. 


It was named ‘hinokiflavone’ based on the 
Japanese name of the plant ‘hinoki’ 
(Chart 4). The constitution of this com¬ 
pound was arrived at by Kawano in 1960. 
It was also a dimer of apigenin, the 
molecular formula being 
had no methoxyl groups. It formed a 
pentamethyl ether and pentaacetate. The 
UV pattern was different from that of 
the earlier known biflavonyls but the UV 
of the complete methyl ether agreed with 
the UV of ginkgetin tetramethyl ether. 
By ferric colour reaction and IR data two 
hydroxyls were inferred to be in 5 and 5" 
positions. From the degradations of 
hinokiflavone and its pentamethyl ether 
a diphenyl ether constitution was arrived 
at (Chart 5). 

Among the products of degradation com¬ 
pound (III) having a diphenyl ether 
structure was important. It could be con¬ 
verted by methylation followed by 
oxidation and decarboxylation into 2, 4, 
6 -trimethoxy diphenyl ether. This could 
be synthesized by the Ullmann condensa¬ 
tion 2, 4, 6-trimethoxy-bromolbenzene 
and potassium phenoxide. Thus the dip¬ 
henyl ether structure was proved (Chart 6). 




OCH3 


QuAr «. B^nlbea* of 3 , 4, O^tzuMtihosy doelMnyl othor 
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Since compound (III) gave positive 
reaction with Gibbs’ reagent there was 
indication that the diphenyl ether hnk 
was ortho to the hydroxyl and the alterna¬ 
tive possibility was eliminated. We 
attempted the synthesis of hinokiflavone 
pentamethyl ether through the XJUmann 
condensation of 8-iodoapigenin tnmethyl 
ether and potassium salt of 4'-hydroxy-5, 
7 -diraethoxyflavone There was partial 
demethylation in this reaction and reme- 
thylation was done to obtain the 
pentamethyl ether. The resulting product 
was identical with hinokiflavone penta¬ 
methyl ether. However, Nakazawa has 
recently claimed that he has synthesized 
both 4', 8" and 4', 6" -isomers by unequi¬ 
vocal methods indicated in the formulae 
given below and only the 4,6 -compound 
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Chart 8. Hinokiflavone senes 


agrees with the natural sample. This is 
explicable if in the above Ullmann 
synthesis the partial demethylation 
that takes place leads to isomeric change 
of the biflavonoid system. This is supported 
by his observation that synthetic 4', 8"- 
biflavonyl compound gives natural hinoki¬ 
flavone when boiled with hydroiodic acid. 
On this basis, the structure of hinokiflavone 
and the partial methyl ethers require 
revision (Chart 7). 

Hinokiflavone is now found to occur 
fairly widely in nature; several of its 
mono and dimethyl ethers were also 
found (Chart 8). 

Cupressuftavone: While looking for Indian 
sources of biflavonoids, we isolated from 
the leaves of Cupressus torulosa and Cupressus 
sempermrens a new biflavone which belon¬ 
ged to a G-G type and called it cupressu- 


flavone. In 1964, it was assigned the 
constitution of 8, 8"-biapigeninyl. Its 
UV spectrum was similar to that of 
apigenin (peaks at 226, 274 and 330 mu). 
The intensity of the UV maxima suggested 
that cupressuflavone was a biflavone. 
IR spectrum indicated the presence of 
chelated hydroxyl (s). Its molecular for¬ 
mula was found to be GgoH^gOio. It did not 
contain any methoxyl or G-methyl groups. 
It gave a hexamethyl ether and hexaace- 
tate. On oxidation cupressuflavone hexa¬ 
methyl ether yielded anisic acid as the 
only isolable entity. The NMR spectrum 
of the complete methyl ether of cupressu¬ 
flavone was symmetrical. From the coup¬ 
ling pattern and the chemical shifts of the 
aromatic protons, it was inferred that 
oxygenation was at 5, 7, and 4'-positions. 
On these considerations the following 
constitution was proposed (Chart 9). 

The decision between these two structures 
was sought to be made by the synthesis 
starting from 8-iodoapigenin trimethyl 
ether and subjecting this to Ullmann 
condensation. The synthetic hexamethyl 
ether was identical with the natural sample 
and from it cupressuflavone itself and its 
hexaacetate were obtained. But the 
possibility of rearrangement during these 
reactions has not been fully eliminated 
(Chart 10). 

Recently cupressuflavone tetramcthyl 
ether (7, 7' 4', 4'"-) and dimethyl 

ether (4', 4"'-) were isolated by Rahman 
et al., (1968) from the leaves of Araucaria 
cunnigkamii and A cookii. These compounds 
are important because they exhibit optical 
activity arising from restricted rotation. 
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Biogenesis: The biogenesis of the biflavo- 
noids seems to involve oxidative coupling 
of polyphenols. It has been well known 
for a very long time that phenols are 
readily oxidized by many different re¬ 
agents. The products are complicated 
mixtures of dimeric, polymeric and quino- 
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Chart Cupressuflavone 


sive research. In general, the dimeric and 
polymeric oxidation products can be for¬ 
mulated by abstracting one hydrogen 
atom from the starting phenol and 
coupling together these intermediates by 
G-C and G-O bonds at active nuclear 
positions o- and p- to the hydroxyl. We 
owe mainly to Barton (1956) the deve¬ 
lopment of these ideas leading to the 
synthesis of usnic acid and many others 
by oxidative phenol coupling. 

The above considerations make it probable 
that the biflavonyl structure could arise 
by oxidative coupling of the mono- 
flavonoid precursor apigenin. The oxyge¬ 
nation pattern of the precursor restricts 
the mterflavonyl linkage to 6, 8 and 3'- 
nuclear positions (Ghart 11). In the 
formation of ethers, each of these positions 
may be linked with any of the three 
oxygens of the hydroxyl gioups. However, 
among the large number of possibilities 
only a few are so far known and this 
may be due to some factor of preferential 
activation A later stage of methylation 
can yield the known methyl ethers. Sup¬ 
port for this scheme is provided by the 
fact that in a number of plants apigenin 
is also present along with the biflavonyl 
pigments. Some experiments in our labo¬ 
ratory using one electron transfer re¬ 
agents confirm the scheme 
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noid types of compounds. This method 
is useful for the synthesis of simple and 
complex compoimds when coupled with 
efficient methods for the separation of 
the complex mixtures. Phenol coupling 
has been suggested as an important step 
in the biogenesis of different classes of 
natural products and has stimulated inten- 


Study of Casuarinaceae: The study of the 
chemical components of the gymnosperms, 
particularly the conifers, will be useful 
for their possible application as drugs. 
There is also interest in regard to the 
taxonomy of the plants since they contain 
biflavonoids as special components. I may 
mention the study of Casuanna as a typical 
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example. This genus has about 40 species 
chiefly found in Australia and in Indo- 
Malayan region. Of these, Casuanm equi~ 
setifolia is commonly cultivated in India. 
There is some difference of opinion re¬ 
garding the taxonomic position of the 
genus. Sawada examined the leaves of 
Casuarina stricta and found that hinokifla- 
vone is present in them. Earlier investi¬ 
gations had shown that the leaf-wax of 
this plant gives on hydrolysis juniperic 
acid (16-hydroxy palmitic acid) another 
typical gymnosperm constituent. The 
occurrence of these two gymnosperm 
compounds in the leaves of C. stncta lent 
support to the view that Gasuannaceae 
is close to the gymnosperms. However, 
Batesmith (1962) reported that C. cunni- 
ghamii contains only kaempferol and 
quercetin. Our re-examination of the 
leaves of Indian trees revealed the pre¬ 
sence of cupressuflavone We also examined 
Casuarina suberosa and it contained hino- 
kiflavone. These results may help to 
settle the taxonomic position of the genus 
(Chart 12). 


No 

Source 

Biflavones Identified 
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1 

C. funebns 

C, H, 

A, H-T'OCHs 

2 

C. sempervirens 

C, A. 

3. 

C. torulosa 

C, A, 

H 

4 

Biota onentalis 

H. 



Casuarinaceae 



1. 

C. cunning- 
hanuana 

c. 


2. 

C, suberosa 

H, 



C—Cupressuflavone H-T'OCH,—Isocryptomerin 
A—Amentoflavone H—Hmckiflavonc 

Chart 12 Chemical components of some species of 
Cupressaceae and Casuarinaceae 

Study of mass-spectral fragmentation: During 
our study of the biflavonyl pigments of 
Cupressaceae we have found the presence 
of partial methyl ethers of the three 
known types of biflavones and also new 
types of biflavones. They are present in 
very minor amounts and chemical de¬ 
gradation cannot be carried out for 


arriving at their structures. Mass spectra 
can be utihzed in these cases and we 
have therefore made a critical study of 
the three types of biflavones known. 
Since the hydroxy compounds are very 
high melting the spectra of their complete 
methyl ethers have been recorded. From 
such a study, we can distinguish diphenyl 
and diphenyl ether type of biflavones and 
the position of the methoxyls can also be 
fixed. 

Other biflavonyl compounds: Other modes of 
biflavonyl linking has been shown to be 
possible. Recently Jackson et al. (1967) 
isolated three compounds of a new dimer 
that could be called flavanonyl flavanone 
(biflavanone) from the heartwood of 
Garania buchanii. This involves the linking 
of two flavanone units at 3 and 8 positions. 
Their constitutions were arrived at by 
UV, IR, NMR and mass spectra. In 
these compounds both the units consist 
of flavanone units. Morelloflavone, a 
flavonyl-flavanone, isolated by Venkata- 
raman et al. (1967) from the pericarp of 
the seeds of Garcima morella contains a 
linking between a flavanone and flavone 
Xanthorrhone and 14-hydroxy xanthor- 
rhone which were isolated by Pelter et al. 
(1967) from Australian xanthorrhea con¬ 
tain a flavanone and flavan units 
(Chart 13). 



Morelloflavone 

Ohakt 13 B«oant biflavonyl compounds 
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More widespread and important is another 
group of this type which has also been 
studied with some clarity during the past 
ten years. They are the proanthocyamdins 
(Chart 14). Under the name leucoantho- 
cyanidins, they had earlier attracted con¬ 
siderable attention as components of 
tanning materials and as astringent prin¬ 
ciples in foods and drugs. They are also 
capable of readily forming polymeric 
resins and a number of them have been 
isolated in recent years. They are made 
up of either two leucoanthocyanidin units 
or of leucoanthocyanidin and catechin. 
But the linking is easily broken by mineral 
acids, yielding eventually the correspond¬ 
ing anthocyanidin and catechin. Some 
typical examples are given in Chart 14 


Frequently we obtain trimers and higher 
polymers. 



Chart 14 rronnthooyanidins 
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GOVERNMENT AND THE SCIENCE ACADEMIES 


T R Seshadri 
(delivered at Bombay, 1969) 

This is the last occasion for me to speak 
as the President of this august body. 
Therefore, I feel I should give expression 
to a few general thoughts that have been 
exercising my mind. I have been earlier 
talking to the Fellows of the Institute 
individually and in groups on these 
problems but rather informally. 

As Fellows of the National Institute, we 
have been doing our best to add to the 
strength and usefulness of the Institute 
and make it a fully representative Academy 
of Indian science which should be held 
in high regard not only by the scientists 
of the country but also by the Govern¬ 
ment and the people. During the last 
two years of my Presidentship, I have 
tried my utmost to strengthen the or¬ 
ganisation and have noticed certain dis¬ 
turbing features. I am sure, you will all 
agree that the Institute has an important 
role to play in the Indian body politics 
particularly in the advancement of science 
and technology and in their applications 
to the welfare of the nation. It is one 


of its responsibilities to provide leadership 
to the scientific community and create 
and develop public opinion by example 
and by precept The prosperity and 
security of nations, irrespective of the 
social or political systems, are determined 
largely by their scientific capability and 
industrial strength Hence governments 
have been deeply involved in the growth 
of science and have allotted sizable 
budgets for this purpose. This activity is 
bound to grow further in our country. 

1. The place of the scientists in government 
is, therefore, taken for granted and they 
have to participate in decision making 
and discharging executive functions. This 
is not without its repurcussions. There 
exists a possibility of individuals being 
placed in charge of great responsibilities, 
but not measuring up to them. It looks 
as if an efficient method is not employed 
to prevent this possibility from taking 
place. Various non-scientific interests seem 
to play their role. There is also the danger 
of individuals assuming roles far beyond 
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their competence and jurisdiction An 
effective safeguard is the development of 
the machinery of consultation so that no 
single individual should come to enjoy 
the privilege of advising the government 
and taking decisions of importance merely 
by virtue of his position. This arrange¬ 
ment can work effectively only by utilising 
the services of an independent science 
academy. Often times, the existence of a 
number of national academies of science 
in India is raised, as if this factor is a 
serious impediment. I may mention that 
even the United Kingdom, they have the 
Royal Society of London and the Royal 
Society of Edinburgh. In many other 
countnes, there are more than one acade¬ 
mies. The fact of multiple academies has 
not prevented the governments of those 
countries from utihsing the services of 
the principal institutions they have 
recognised. 

Although, as early as 1945, the Government 
of India declared the National Institute 
of Sciences of India as the premier Science 
Academy in the country, consultation of 
the Institute by the Government has been 
sporadic and half-hearted The promised 
Act of Parliament in regard to the National 
Institute of Sciences of India is still to 
materialise. There has no doubt been an 
encouraging and a noticeable change in 
government’s attitude recently, but I am 
afraid it has not been adequate to meet 
the needs of the situation and needs of a 
fast changing country. 

2. The other remark which I wish to make 
appears to me even more important. This 
relates to the Fellows themselves. The 
question has often been raised if all the 
Fellows have given full loyalty to the 
National Institute without yielding to 
other narrow sectional or group interests. 
Criticisms of our elections have at times 
been voiced, that there are too many or 
too few Fellows and that some scientists 
have not been elected. Such criticisms are 
not uncommon in a democratic set up. 
Though the criticisms are without any basis 
we have discussed them objectively and 
taken steps to remedy possible lapses Our 


system of election is the same as that of the 
highest Academies of the world and has 
stood the test of time and experience. 
Every scientist in this country who has 
scientific achievement and good standing 
to his credit is eligible for election. The 
application of rigorous standards endows 
prestige to the Fellowship. I am afraid, 
the claim that scientists, simply because 
of their holding positions of influence or 
governmental responsibility at high levels, 
should be considered qualified for election 
as Fellows of this Institute, is not sustain¬ 
able. The National Institute will cease to 
be a science academy of repute if considera¬ 
tions other than scientific achievements 
and standing come into play in the election 
of Fellows. 

I appeal to all Fellows of the Institute who 
are holding responsible positions in scienti¬ 
fic organisations in the country and in 
Government to carry with them the interest 
of the National Institute and make use of 
the National Institute in their organisa¬ 
tions by associating it with their activities. 
We are in the throes of large changes in 
science and in our scientific institutions. 
In the past we have leaned heavily on 
beaurocratic set up involving considerable 
secrecy and closed-door attitudes. There 
may be fear that should an independent 
science academy function effectively it may 
express opinions, often in criticism, of the 
state policy or practice. Expression of such 
opinions by a scientific academy should be 
welcome in our democratic society. They 
tend to strengthen rather than weaken the 
government and the society. 

Among our Fellows are scientists who are 
in-charge of some of the major scientific 
organisations of the country. Not un¬ 
naturally, there may be some differences 
among them in matters of administrative 
concern, but I feel these differences need 
not be brought into the even atmosphere 
of the NISI. On the contrary, it should be 
used as a forum to smoothen such dif¬ 
ferences and for setting things in their 
nght perspectives. With prayerful hearts 
and vigilant minds we should work to 
achieve the highest ideals of NISI. 



Dr Atma Ram, FNA* 

(Elected to the Fellowship 1953; President 1969-70) 




Dr Atma Ram was born on October 12, 
1908 in Uttar Pradesh and received his 
PhD degree from University of Allahabad 
in 1936. He was the Chairman, National 
Committee on Science and Technology; 
Secretary, Government of India, Depart¬ 
ment of Scientific and Industrial Research, 
Cabinet Secretariat; Director General, 
CSIR and Director, Central Glass and 
Ceramic Research Institute, Calcutta. 
Dr Atma Ram was the General President, 
Indian Science Congress (1967-68); Pre¬ 
sident, Indian Science News Association 
(1965-67); President, Ceramic Society 
(1952-53); Fellow, Institute of Chemists, 
India; Honorary Fellow, Society of Glass 
Technology, Sheffield; Member, Inter¬ 
national Commission on Glass (1948). 
He was the recipient of Padma Shri 
(1959); first Scientist to receive S S 
Bhatnagar Medal (1959) of the Indian 
National Science Academy (then National 
Institute of Sciences of India) and 
Honorary Doctorate degree from Lenin 
Soviet Technological Institute, Lenin¬ 
grad. 

One of the most distinguished applied 


scientists of India, Dr Atma Ram was 
ranked among the world’s leading glass 
technologists. His most important achieve¬ 
ment had been the development of the 
process for the manufacture of optical 
glass, which is one of the pnzed strategic 
materials for defence and in industry and 
is a closely guarded secret, for strategic 
reasons, of a few' advanced countries of 
the world. The Central Glass and Ceramic 
Research Institute developed under the 
leadership of Dr Atma Ram. The Insti¬ 
tute is now ranked among one of the 
world’s distinguished centres of glass 
research. Other contributions which the 
Central Glass and Ceramic Research 
Institute made under his leadership are 
in line with his declared policy of achiev¬ 
ing self-reliance. The production of foam 
glass, selenium-free red glass and insu¬ 
lating bricks from waste mica are some 
such processes developed by him which 
have generated a chain of new manu¬ 
facturing possibilities in India. His work 
on the ongin of colour in copper-red 
glass is regarded as one of the outstanding 
contributions to fundamental research on 
glass 


♦died in 1983 



SCIENCE—OUR NEW RESPONSIBIUTY 


Atma Ram 

(delivered at Kharagpur, 1970) 


I was hoping to speak on the occasion of 
the Anniversary meeting of the Institute 
on a subject in which I have been engaged 
for about a decade, namely on the origin 
of colour in copper ruby glasses and also 
to avail of the privilege as President to 
refer to a few matters connected with 
the working of the Institute. I deeply 
regret that owing to sudden illness, I 
have been prevented from discharging 
my duty in person and I hope the 
Fellowship will forgive me for my absence. 

I should like to convey to the Fellowship 
best wishes for a Happy New Year. 

Before I start I would like to refer to the 
fact that the Institute has now a new 
name. As the Fellowship is aware, the 
Council of the Institute had, after long 
discussions, recommended last year a 
change in the name of the Institute to 
‘Indian National Science Academy’. This 
recommendation of the Council has been 
approved by the Fellowship as required 
by the rules of the Institute. The forma¬ 
lities for the change-over are in the process 
of being completed. 

At the Annual General meeting held on 
October 10, 1969 I had referred in my 
review to the important responsibilities 
that the Institute has now assumed As 
you are all aware the Institute is the 
national adhering body on behalf of India 
to the International Council of Scientific 
Unions and we have constituted Indian 
National Committees corresponding to the 
15 International Scientific Unions affili¬ 
ated to the ICSU, 3 Special/Scientific 
Committees set up by it, and 1 Inter- 
Union Commission. This responsibility 
devolves on the Institute the work of 
choosing Indian delegations to the Annual 
Conferences and Symposia organised by 
these International Unions. I would Hke to 


emphasise that as the premier scientific 
society in this country we should not restnct 
ourselves merely to constituting delegations 
and deputations. We should now seriously 
address ourselves to the task of making 
the National Committees focal points of 
national activities for advancement of 
science m our country. The National 
Committees should, therefore, really be¬ 
come working groups and should function 
in a continual manner bringing out papers 
on the basis of their dehberations which 
could provide guidance to the scientific 
community in the country. 

The other assignment given to us is 
about the Indo-Soviet Go-operation in 
science working with our opposite number 
the Academy of Sciences of the USSR. 
A symposium on the chemistry of natural 
products is scheduled to be held in Delhi 
under this programme in February this 
year and a strong delegation of Soviet 
scientists is expected to participate. The 
Fellowship may recall the symposium held 
on this subject in Tashkent in 1968 with 
an Indian delegation led by Professor TR 
Seshadri, past President of the Institute 
Fellowship IS already aware of the scheme 
of support to basic sciences now being 
operated by the Institute. This again is 
an activity which, I am sure, will grow 
a great deal in future. 

One of the features of post-war scene in 
the scientific world has been the increas¬ 
ing growth of bilateral and multilateral 
scientific exchange programmes between 
various countries involving their national 
academic and professional bodies. India 
has also got into this international move¬ 
ment in a fairly big way. For instance 
the Council of Lcientific and Industrial 
Research has several bilateral agreements 
with corresponding or similar bodies in 
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some other countries. I venture to suggest 
that the National Institute should also 
take increasing interest in this sort of 
activity and make good use of these 
agreements to develop international con¬ 
tacts at working level. These agreements 
could be of immense value if they are 
pursued with imagination. 

Impressed by the need of the approach, 
I recently wrote a letter to Professor Lord 
Blackett, President of the Royal Society 
suggesting collaboration in scientific 
matters between the Royal Society and 
the National Institute. Professor Blackett 
wholeheartedly welcomed the suggestion. 
As a first step, both the Societies will 
let each other know about the visits of 
the Fellows to the respective countries 
to make personal contacts, deliver lectures 
and hold discussions. A beginning has 
already been made and Prof C Auerbach, 
an eminent geneticist and Fellow of the 
Royal Society delivered a stimulating 
lecture at the Institute last week, Professor 
Lord Todd and Sir Joseph Hutchinson 
will deliver lectures this month, and I 
hope Professor Kurt Mendelssohn may 
also be able to do so. 

The Institute is also taking steps to 
develop co-operation with the National 
Academy of Sciences of the USA and a 
workshop on the management of research 
institutions and related subjects is bemg 
jointly organized in India to be held in 
February. 

I am mentioning all these points to 
emphasise the increasing importance of 
the Institute in our national affairs. In 
order to remain in the forefront of Indian 
scientific affairs, the Institute must assume 
a more dynamic role and influence public 
opinion in the country on matters con¬ 
cerning and affected by science and 
technology. It should continuously act in 
a manner to provoke thinking, discussions 
and debates on many issues which are 
concerned with science and scientists. 
It is not that as an Academy it should 
remain content with the government 


assigning responsibilities to it or referring 
matters to it for views. In my view we 
have a responsibility to consider issues 
affecting science and scientists and make 
our views known whether they were 
liked or not. Ours is a scientific body 
and we should express our views based 
on objective analyses and studies. This 
needs considerable organisation and hard 
work. We have already instituted a few 
such studies during the last couple of 
years on matters relating to policies; but 
I think we have to go a long way to 
make ourselves felt. 

At a fime when science and technology 
are assuming increasing importance in 
our national life, the role of our Institute 
will be appreciated better if it plays its 
part in shaping not only scientists’ 
opinion but public opinion in 
general on matters related to science 
and in particular to the uses of science 
in which people should be induced to 
take interest in a growing democracy. 
I wish particularly to refer to the resolu¬ 
tion adopted only a few days back in 
Bombay by the ruhng party on science 
and technology. This is a welcome sign, 
and one may safely forecast that before 
the next general election, all the important 
political parties will come forward stating 
their viewpoints on science and techno¬ 
logy. This has happened in other countries 
too. Both the Labour and Conservative 
parties in the UK have frequently made 
their views known on their approach to 
science and technology in their country. 
One of the very readable documents 
which I have come across is entitled 
“Signposts of the Sixties” issued by the 
Labour Party on the eve of one of the 
general elections in the UK. While we 
should welcome the leading political 
parties to state their views on science 
and technology, we as scientists have also 
to be careful that these matters are not 
dealt with purely from the point of view 
of pohtics or mass appeal. I think the 
professional societies have a responsibility 
to ensure that a situation does not arise 
where vague opinions are expressed with- 
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out being firmly based on scientific and 
rational thinking. The National Institute 
of Sciences, in my view, has a heavy 
social responsibility in this regard which 
must be discharged with care and caution 
Opinions which may be popular need not 
be necessanly the right opinions, and 
vice-versa. Scientists may have no political 
ambition and I think most scientists do 
not have, but they have a role to play 
in national affairs. This role must be 
played well. 

This leads me on to a few thoughts on 
science pohcy There is considerable dis¬ 
cussion and expression of opinions in 
regard to science policy in India I am 
afraid there is a certain amount ol vague 
generalisation In terms of a geneial 
national science policy, I do not think 
we can really do anything better than 
what has been stated in the Science 
Policy Resolution of 1958 I doubt if m 
substance, Jawaharlal Nehru’s draft can 
be improved. It is a valuable statement 
of objectives, of good intentions well stated 
in as few words as possible at a general 
national level But I think to make the 
pohcy statement operative, the major 
scientific organisations must frame their 
own policies on basis of and as 
an integral part of the Science Policy 
Resolution so as to spell out their goals 
and how they propose to realise them 
Each research institute, in my view, 
should formulate similar guiding lines of 
Its own. Our institutions and individual 
scientists can then work with a greater 
sense of purpose and a more satisfying 
sense of achievement. 

The second point which I wish to make 
in regard to science policy is the con¬ 
fusion that still exists in our country 
about science and technology. They are 
no doubt overlapping and interwined, 
often difficult to disentangle; but I think 
It is necessary for the scientific community 
to understand and make others under¬ 
stand that saence and technology though 
interdependent are not one and the same 
thing and they have their distinctions. 


Why has this difficulty arisen? It is 
because when the Science Policy Resolu¬ 
tion was presented, the common man 
immediately came into the picture. The 
common man appreciates science through 
the material benefits science has provided 
through its application or more appro¬ 
priately through technology, which is the 
basis of industrialisation and consequently 
of economic growth. Science can show 
the possibihty of something to happen. 
It cannot by itself make it happen It 
needs technology to achieve what may be 
indicated as possible. Science produces 
knowledge, technology helps to produce 
wealth. Science indicated the great possi¬ 
bility of man landing on the moon, it 
is technology that made it possible This 
makes one immediately appreciate the 
need to differentiate between the two 
Eminence in science need not necessarily 
mean better or more productive techno¬ 
logy. Also, while science is international, 
knowing no boundaries, technology is not 
Science is intellectual but technology is 
commercial. While scientific knowledge is 
shared throughout the world, techno¬ 
logical knowledge is not freely shared 
It is shared on certain considerations 
While advancement in science is based 
on collaboration, advancement of techno¬ 
logy has its root in competition. There 
IS competition in technology not only 
between countries but between industrial 
establishments in the same country. No 
firm shares its technological knowledge of 
method of production or know-how or 
design with another company operating 
in the same field without certain adjust¬ 
ments. 

To the scientist, science is an end, a great 
intellectual end, a curiosity satisfying end. 
But in the twentieth century, technology 
IS becoming more and more science- 
based, it has also become a powerful 
tool of economic growth Economic growth 
IS important for all countries, but for 
the less developed nations like ours with 
a large section of people suffering from 
wants of basic needs of life, it is the first 
priority—it is everything. It will be well 
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for the scientific community to appreciate 
that the interest of the Government and 
of the people in the increasing support 
which science is receiving is more for the 
material benefits that flow from science 
rather than for science itself. For the 
people science is more important as a 
means to prosperity rather than an end 
itself. If It was only for science as an 
end, as a creative activity. Government’s 
role would have best been of a indulgent 
patron to provide scientists the facilities 
for doing science, just as Government 
patronize poetry, music, drama and other 
arts. The need for a science pohcy has 
arisen because of science becoming the 
base of technology and as such becoming 
for the people more important as a means 
rather than an end It means that laying 
down science policy is actually laying 
down technological policy 

I said in the Presidential address to the 
Indian Science Congress in 1968 that 
India needs a technological policy state¬ 
ment I wish to reiterate it on this occasion 
We have an Industrial Pohcy Statement 
and we have a Science Policy Statement. 
Both these statements refer to national 
development in terms of industrialisation 
in the first case and to the importance 
of science in the second. It is my view 
that we should have a carefully worked 
out technological policy statement to pro¬ 
vide a strong link between the other two 
policies. It will provide economic content 
to the science policy, it will spell out 
what we w ant to achieve through science 


What is the national goal for all our 
activities in the field of science and 
technology ? Why are we making sub¬ 
stantial investments in science and techno- 
logy ^ These questions will immediately 
set in motion a meaningful dialogue 
between educationists, scientists, techno¬ 
logists, engineers, economists, planners and 
administrators. The present discussions on 
science policy do not bring into picture 
economists, manufacturers, etc Similarly 
the Industrial Policy does not bring 
scientists within its orbit. It is only a 
technological policy which will bring all 
of them together into an effective and 
collaborative endeavour It is not merely 
a matter of how much support science 
should get, no doubt it is important with 
the increasing sophistication factor of 
science. Scientists will always ask for 
more support and will be happy to receive 
It but the question is. Support for what^ 
and how efficiently and judiciously the 
support is made use of? The National 
Institute has a great role to play in this 
and I request Fellowship to take more 
interest in this matter 

I should like to thank all the officers 
of the National Institute for giving their 
time for the work of the Institute and 
the entire Fellowship for their co-operation 
and understanding without which I would 
not have been able to discharge my 
duties. I should express personal apprecia¬ 
tion of the work the office staff of the 
Institute led by Dr S Mull have put in 
through the year 
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I deem it an. honour and a privilege to 
have been the President of the Indian 
National Science Academy durmg the 
last two years I will cherish the 
Presidentship of the Academy as the 
highest distinction that has been bestowed 
upon me in my scientific carieer As the 
outgoing President, I think it is incumbent 
on me to make an assessment of the 
affairs of the Academy durmg my tenure, 
and in doing so to refer to some of the 
contemporary problems of science in India 
as they appear to me 

As Fellows of the Academy are aware, 
there was a distinctive change in the 
working of the Academy during the 
tenure of my distinguished predecessor, 
Professor T R Seshadri The Academy 
became increasingly aware of its role, 
responsibilities and potentialities Earlier, 
the Academy was perhaps more con¬ 
cerned with preserving its scientific chas¬ 
tity, than getting involved in functions 
which would bring the Academy face to 
face with various social pioblems and 
Governmental responsibilities in the field 
of science The new interfaces which are 
developing between the Academy and 
the Society on the one hand and between 
the Academy and Government on the 
other are posing fresh problems To what 
extent these problems would be faced by 
the Academy as an independent body of 
scientists, uninfluenced by considerations 
other than scientific, remains to be seen. 

One aspect which is uppermost in my 
mind is the danger of a conflict of interests, 
which Fellows may have to face. I may 
refer, for example, to the fact that my 
views expressed as a scientist in capacities 
which have nothing to do with my 
Governmental responsibilities have been 
used to interpret as if I was going against 


the policies of the Government Fellows 
may be aware of the current debate in 
the United States of America about the 
nomination of Dr Glenn T Seaborg, a 
Nobel Laureate, Chairman of the US 
Atomic Energy Commission, for the Pre¬ 
sidentship of the American Association 
for the Advancement of Science It is 
being argued by some people whether 
Dr Seaborg, holding a high Govern¬ 
mental responsibility, should be President 
of the AAAS A problem like this may 
not be of immediate relevance in oui 
country, but it could aiise It is impoitant 
and essential for scientists, who are Fellows 
of the Academy, to take a truly scientific 
point of view of problems regardless of 
whether they come from the academic 
world. Government or industry I hope 
nothing will be done to curb the freedom 
of scientists to give expression to their 
scientific viewpoints as Fellows of the 
Academy, when the .Academy is called 
upon to lender independent advice to 
Government or express opinions of con¬ 
cern to Government and industiy Should 
anything happen to the contrary both the 
Government and the scientific community 
will stand to lose 

During my tenure, I have attempted to 
develop, to the best of my ability, the 
activities of the Academy to further its 
objectives. In my case, unlike that of my 
predecessor, the possibility of conflict of 
interests coming in the way of my efTective 
functioning was very real simply because 
of the fact of my shouldering simulta¬ 
neously a Governmental responsibility It 
is for the Fellows to judge to what extent 
I have served the interests of the Academy. 
Let me begin by referring to the change 
in the name of the Academy from the 
“National Institute of Sciences of India” 
to the “Indian National Science Aca- 
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demy”. In my view, this change is for 
the better and is indicative of the wider 
responsibilities of the Academy As in 
other countries where there are science 
academies, in India also the Indian 
National Science Academy has become 
the national adhering body for the Inter¬ 
national Council of Scientific Unions and 
Its afiihated Unions. In the 19 National 
Committees constituted by INS A with a 
total membership of about 170 scientists, 
more than half are from outside the 
Fellowship of the Academy. Out of 47 
delegates sent abroad by the Academy 
in 1970 to attend international conferences, 
only 11 were Fellows of the Academy. 

Another sigmficant development was in 
the field of international relations. This 
activity is growing and may become, in 
the years to come, very important not 
only from the point of view of the Academy 
but from the national point of view as 
well. We have now collaborative arrange¬ 
ment with the Academy of Sciences of 
USSR. We are also developing relations 
with the National Science Academy, USA 
and the Royal Society of London. The 
collaborative projects initiated with the 
Academy of Sciences of USSR are making 
steady progress. This year, we propose 
to have a joint discussion with the 
National Academy of Sciences of the 
United States on problems of environ¬ 
ment. We are likely to have more of 
joint symposia and projects in the not- 
too-distant future. 

In October last, as your President, I led 
a delegation to USSR to attend the 
meeting of the Joint Indo-USSR Com¬ 
mittee on scientific collaboration and to 
discuss with the Academy the whole field 
of our co-operation I also visited London 
and along with Prof Mahalanobis had 
discussions with Lord Blackett at the 
Royal Society and other officers of the 
Society on the possibilities of co-operation 
with our Academy. As a result of this 
discussion, a get-together would be or¬ 
ganized in Delhi in coming March and 
we expect Lord Blackett and an important 


group of Fellows of the Royal Society to 
visit us. 

During the last two years, we have taken 
steps to organise some schemes of basic 
importance in a number of areas of science, 
several of them not adequately covered 
by the existing Governmental and other 
agencies Among the 30 and odd projects 
under this scheme, the expedition for 
the study of Arabian Sea islands, the 
investigation of the movement of Rajasthan 
desert and the investigation of the flash 
floods in river Alakananda show the im¬ 
portance attached by the Academy to 
scientific investigations of special and 
topical interest 

I am also glad to report that our efforts 
to bring the CSIR and the Academy 
together for the purpose of joint publica¬ 
tion of scientific periodicals has proved 
to be successful. We have also started a 
new journal, the Indian Journal of Pure 
and Applied Mathematics, as a quarterly 
and It has been very well received 

If the Academy has to make itseil felt in 
a large country like India, it is necessary 
to organise local Chapters at important 
centres. A decision to this effect has been 
taken and we have organised local 
Chapters in cities like Calcutta, Bombay, 
Madras, Bangalore, Poona, Hyderabad, 
Lucknow and Chandigarh. At least in 
each quarter one topic for discussion by 
each Chapter should be a problem selected 
by the Council of the Academy 1 look 
forward to the day when our local 
Chapters will become focal points for 
young scientists living and working in 
these geographical areas to meet and 
discuss on current scientific and also 
socio-economic problems which have dis¬ 
tinctive scientific content. Among the 
topics which have been selected for 
discussion in the immediate future are 
problems of environment and of research 
and development relevant to the needs of 
ismall and medium scale industries. In 
[addition to sponsoring the Symposia and 
Seminars the Academy had arranged in 
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Delhi, during the last two years, dis¬ 
cussions on topics like popularisation of 
science, emoluments of scientists, impact 
of science and technology on human 
rights and development of technology in 
Japan. 

A National Science Academy is very 
different from a professional association or 
a scientific society. Professional associations 
are generally open to all those who are 
engaged in the pursuit of a particular pro¬ 
fession, subject only to the hmitations of 
qualifications, experience and sometimes, 
perhaps, residence. A professional associa¬ 
tion can have different classes of member¬ 
ship including student membership. They 
do sometimes conduct examinations and 
recognise qualifications from the point of 
view of practising the profession A 
scientific society may be open to all 
those interested in a branch of science 
and who possess a requisite minimum 
proficiency. A National Science Academy 
on the other hand consists of scientists 
elected for outstanding contributions 
in their respective fields of work. 
The system of election to the Indian 
National Science Academy is very similar 
to that adopted by the Royal Society 
of London, the National Academy of 
Sciences of the United States and the 
Academy of Sciences, USSR and similar 
scientific Academies in other parts of the 
world. It should not be correct to judge 
the representative character of a National 
Science Academy by the ordinary methods 
of democratic criteria Membership of 
such Academies is generally confined to 
a small fraction of scientists in a country. 
The mam criterion of judgment should be 
whether the Academy consists of people 
who are distinguished scientists of the 
country. The fact that some persons 
holding positions of authority in govern¬ 
ment institutions or elsewhere, have not 
been elected to the Fellowship does not 
and cannot in any way lessen the status 
or the value of the views of the Academy. 
This is so in all countries where such 
Academies function. We have to be on 
guard that election to the Academy is not 


influenced by considerations other than 
scientific. The Academy has been making 
and will continue to make every effort 
to ensure that persons deserving election 
are not left out. 

The Indian National Science Academy 
started with 124 Foundation Fellows in 
1935 Today, it has a membership of 355. 
An analysis of the specialisation of present 
Fellowship is—Mathematics 46, Physics 
60; Chemistry 53; Geology 28; Engineer¬ 
ing & Technology 31; Botany 47, Zoo¬ 
logy 36; Physiology and Biochemistry 28, 
Medical and Veterinary Sciences 25, 
Social Science 1. We have been adding 
10 or 15 scientists every year to the Fellow¬ 
ship While claiming no peifection, I 
should think that the method adopted by 
the Academy in the election of Fellows is 
as good as that practised by any othei 
similar Academy in the world. The 
Academy is fairly representative of the 
scientific community as it has developed 
in the country. In future, the composition 
may vary; it is bound to vary. I do 
foresee more technologists in the Fellow¬ 
ship. 

The extent to which an Academy like ours 
assumes responsibilities or is entrusted with 
responsibilities may vary from country to 
country, but in most cases, they derive 
large part of their finances from Govern¬ 
ment. In addition to donations from 
Foundations and individuals, the Royal 
Society receives a Parliamentary grant-in- 
aid of about a million pounds for support¬ 
ing scientific research, scientific pubhca- 
tions, international collaboration, scientific 
congress, etc. Similarly, the National 
Academy of Sciences in USA, derives 
finances to the tune of about 40 million 
dollars per annum from the Federal 
Government. However, they operate not 
as an arm of the Government. They are 
quite free to function as an independent 
Academy and express scientific opinion 
on national and international problems. 
The Academy of Sciences of USSR, 
besides being a scientific academy, is also a 
whole-time agency of the Government and 
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like a Research Council controls and 
manages a large number of research 
laboratories. 

An Academy has the very' important role 
of providing independent counsel to 
Government, but it is entirely for the 
Government to accept such advice or not 
It is nevertheless essential for the proper 
development of science and technology 
that Academies express scientific opinion 
and advise Governments fearlessly The 
advice should not only be available to 
Government but wherever possible its 
views should be publicised for general 
information of and discussion by the 
public 

In the functioning of the Academy, it is 
but proper that it should have consulta¬ 
tions not only within its own Fellowship 
but also with scientists who may not be 
Fellows of the Academy While election 
to the Fellowship of the Academy is based 
on certain cntena, it does not preclude 
expertise and specialised knowledge among 
scientists who may not be Fellows and who 
ought to be consulted by the Academy. 
I am glad that our Academy has taken a 
broad view of its functions and has un¬ 
hesitatingly made use of such knowledge 
outside Its Fellowship. The figures which 
I have quoted earlier about National 
Committees and delegations amply sub¬ 
stantiate the point. 

Let me now come to a discussion on some 
of the current problems of Indian science 
I do not know to what extent the Academy 
would like to get itself involved in these 
problems. While I have no specific sugges¬ 
tions to make in regard to the degree of 
such involvement, I feel that the Academy 
has to be deeply conscious of what is 
going on around it, take stock of the 
situation and perhaps get actively 
interested in these problems. The one that 
immediately comes to my mind is the 
excessive involvement, and if I may say 
so, preoccupation of a number of people 
in debates and discussions on the organiza¬ 
tional aspects of science in India. To say 


that I am concerned would be putting it 
very mildly, in some respects, some of the 
things which are happening deeply per¬ 
turb me. People and organizations who 
have not had much to do with science are 
often giving expression to opinions and 
suggesting solutions to various scientific 
and organizational problems of science 
with a vehemence and certainty which 
is amazing. We are a democratic country 
Everybody has a right to express opinion 
freely on any matter But we seem to be 
losing the cultural and intellectual disci¬ 
pline which should prevent one from 
expressing strong and categorical views 
on matters which essentially need long 
period involvement and practical experi¬ 
ence. Scientific research is one such 
field 

Recently, there was a conference of 
scientists, technologists and educationists 
held in Delhi, mainly to discuss the pro¬ 
gress in the implementation of the Scienti¬ 
fic Policy Resolution of 1958 and to 
suggest measures for future action m 
pursuance of this Resolution. The 150 
or so participants were said to represent 
a cross-section of those concerned and 
were picked up at random. Can or should 
randomness be a strong point for a con¬ 
ference charged with great and special 
responsibility? 

In her inaugural address to the con¬ 
ference, which was remarkable for both 
clarity and insight, the Prime Minister 
posed a number of important questions 
for the conference to tackle She asked 
the conference to identify the factors 
responsible for incommensurate return 
from the quantitative expansion of scientific 
research and education What were the 
basic problems of high priority? She asked 
the conference to formulate specific re¬ 
commendations for action, such as a 
series of research and development pro¬ 
grammes related to specific socio-economic 
goals; the goals to be achieved in terms of 
enhanced production capacity and what 
should be the scientific and technological 
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means required to achieve these goals. 
The Prime Minister significantly remarked: 

“A great deal could also be done m the formu¬ 
lation of joint research projects between groups 
in Government laboratories and universities and 
by joint appointments of scientists between univer¬ 
sities and laboratories I know of many seminais 
and conferences, but I do not know if any really 
serious programme has yet been presented.” 

The Prime Minister’s doubt seems to have 
been justified. To my knowledge, after 
three days of dehberations, the conference 
does not seem to have tackled these im¬ 
portant issues No new policy for science 
and technology for the next two decades 
appears to have been formulated No 
priorities seem to have been earmarked It 
more or less turned into a discussion on 
the administrative and allied matters of 
scientific organisations m India. One of the 
key papers discussed was a report entitled 
“Management of Scientific Research”. 
The report mainly concerned the CSIR and 
the National laboratories It is difficult to 
appreciate the large effort put in merely 
to discuss the administrative and orga¬ 
nisational affairs of a single scientific 
agency in the name of considering scienti¬ 
fic policy or the general questions of 
management of science m India. There 
IS nothing against discussing an organisa¬ 
tion or Its management. Is it, however, 
necessary to do it in this manner? Since 
it could not be explicitly stated that the 
CSIR was at the back of it all, the dis¬ 
cussions tended to be somewhat laboured 
Preoccupation mostly with personal pro¬ 
blems, resulted in the neglect of basic 
questions to which the Prime Minister 
had drawn pointed attention. 

An important point and a substantive 
lesson has been missed. Since the adoption 
of the Scientific Policy Resolution in 
1958, through the powerful advocacy of 
Pandit Jawaharlal Nehru, Government 
support to research and development, 
which was about Rs. 25*00 crores in 1958, 
has increased to over Rs. 150*00 crores in 
1969-70. The number of universities and 
research laboratories has grown consider¬ 
ably, so also the number of scientists and 


engineers. The GOST report has made 
out that the scientific manpower of India 
is now comparable with that of countries 
like the UK, France and Germany and 
substantially higher than that of countries 
like Canada, Sweden and Italy. Let us 
ponder over this fact for a while Either 
the data are not correct or, if they are 
right, there is something fundamentally 
wrong with us, scientists and engineers, in 
that we have not been able to make the 
impact which our counterparts have 
been able to make in the countries referred 
to; does this mean that our scientists and 
engineers have inferior equipment to be 
effective ^ May be the definition of scientists 
used for statistical purpose is not appro¬ 
priate. When we talk of scientists, we have 
to be careful as to whom we have in mind 

I have a feehng that lately we have been 
building up a new class of scientists in 
our country who, perhaps, never worked 
in a laboratory outside their degree career. 
If I may say so, a new science bourgeois 
class of scientists is growing, who are, 
without working for any length of time 
at the bench, assuming great importance 
in our scientific organisations Since I 
came to Delhi about four and a half 
years ago from the laboratory situated 
far away from Delhi, I have witnessed the 
growing importance of this new scientific 
class. The immediate effect of this deve¬ 
lopment is that many bright young men 
and women of India are beginning to 
feel that to obtain recognition in science 
it is not necessary to put in hard work 
at the laboratory bench but perhaps dnft 
into new and attractive realms which make 
them important and influential in the 
right places. One often hears about the 
need of proper atmosphere for scientific 
research. In the face of what I have 
described, can one expect the right 
atmosphere to develop? 

To know the technological strength of a 
nation, one has to view the material out¬ 
put of her industry; the scientific strength 
of a nation on the other hand lies in the 
logic and philosophy which guide her 
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men of science and their contnbution. 
If the logic and philosophy are such as 
to take the scientists away from the work 
bench into areas of white-collar work, 
I do not see the value of the numbers, 
whether they compare with UK, France 
or Germany. The very fact that the 
scientific strength, as different from 
numbers, of India is nowhere compared 
to that of UK, France or Germany 
substantially proves my point that the logic 
and philosophy of numbers leaves much 
to be desired The most disturbing feature, 
I beheve, is the growth of the new bour¬ 
geois class I have referred to 

But the most curious aspect of the con¬ 
ference held under the auspices of COST 
related to COST itself It, more or less, 
conceded the inadequacy of COST. There¬ 
fore, a suggestion was made that there 
should be a new national apex body for 
science policy, COST not being adequate. 
There existed before COST the Scientific 
Advisory Committee to the Cabinet. After 
several years of work, it was felt that 
SACC was inadequate and was replaced 
by COST. Now, after two years, the 
conference suggests a new body. I do not 
see what guarantee is there that the new 
apex body will be a greater success Have 
we ever looked carefully into the matter 
why the former SACC and the present 
COST are considered to be inadequate? 
Various reasons have been adduced 
These, in my view, are rather superficial. 
I consider that if these two bodies have 
been inadequate, it is because they hardly 
discussed science, they discussed mostly 
problems of administration and organisa¬ 
tion. Another reason may be that they 
had too few independent scientists un¬ 
connected with Governmental agencies. 

Science and scientific institutions can be 
organised and managed in many different 
ways and there is no ideal solution applic¬ 
able to all institutions at all times and 
under all conditions. As one of the parti¬ 
cipants in the Conference remarked “orga¬ 
nisational gimmicks cannot carry one very 
fer”. Ultimately, whether a scientific insti¬ 


tution succeeds or not depends entirely on 
the scientists working in it and the leader¬ 
ship. The scientific strength not only of a 
nation but even of an institution is depen¬ 
dent upon the logic and philosophy which 
guide the scientists woiking in it The 
basic problem is to develop a strong 
scientific community which takes pride 
in Itself, has appropriate ethics, respect 
for quality and comraderie within itself 
and with the rest of the society I have 
mentioned this several times before and 
I wish to repeat here once again that 
there is no substitute to good scientific 
work at the bench. It is the work of 
dedicated scientists which will create an 
impact on the solution of our problem of 
economic growth and raise the edifice 
of science in India and not all this talk 
of management Not all the sophisticated 
equipment, modern services, management 
and administrative niceties will bring an 
atmosphere of science and temper of 
science if the dedication to scientific work 
IS lacking Our young scientists should 
not get away with any impression that 
there is some short cut to success. It is the 
sacred duty of our senior scientists to 
spread this message I feel greatly dis¬ 
tressed that the tremendous preoccupation 
with organisational aspects of science 
IS obscuring our sight from the substantive 
aspect of scientific progress which is not 
organisation but science itself 

I am sorry if I have given you a heavy 
dose of cynicism Perhaps, this might 
entitle me to be classed among the intel¬ 
lectuals I strongly feel that the Indian 
National Science Academy should get 
agitated over some of the issues which 
I have raised. Perhaps, there are much 
deeper and larger issues involved It is 
only an independent Science Academy 
which claims to be the premier organisa¬ 
tion in the country and whose charter 
includes that it will promote and safe¬ 
guard the interest of scientists that can 
organize the right opinion among scientists. 
The Academy must, I believe, express 
itself clearly and forcefully. If the Academy 
will leave a vacuum, others will fill it. 
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Professor B R Seshachar, Honorary Asso¬ 
ciate Member, Centre for Theoretical 
Studies, Indian Institute of Science, Banga¬ 
lore was born on January 9, 1908. He 
received his B Sc. degree from University 
of Madras in 1940 specializing in cell 
biology and protozoology. Professor Sesha¬ 
char was the Head, Department of Zoo¬ 
logy, University of Mysore and Delhi 
and Professor Ementus at University of 
Delhi before joining his present assignment 
He is a Fellow of the Indian Academy of 
Sciences, Bangalore; Zoological Society, 
India and London; Amencan Society of 
Protozoologists; International Society for 
Cell Biology, Society Sigma Xi and the 
recipient of S L Hora Medal (INSA) 
in 1965. 

Professor Seshachar’s earher work has been 
concerned with the cytology and develop¬ 
ment of germ cells of the Gymnophiona, 
a group of highly interesting amphibia, of 
restricted distribution but of great phylo¬ 
genetic importance. The occurrence of 
the homologue of the Bidder’s organ in 


these animals has been reported for the 
first time and is a finding of the greatest 
interest 

Since 1946, he has been concerned largely 
with the cytology, cytochemistry and 
differentiation in the Giliate Protozoa 
He studied the cytochemistry of the 
macronucleus and micronucleus with a 
view to understand their relationship 
and the nature of their differentiation. He 
was the first to employ photometric 
methods for the determination of their 
DNA content and establish a relationship 
between the amount of DNA and ploidy. 
The macronucleus of the cihate was thus 
shown to be highly polyploid, containing 
several hundred times more DNA than 
the micronucleus, from which it is differ¬ 
entiated More recently, he has shown 
that the macronucleus contains greatly 
elongated chromosomal filaments Electron 
microscope studies have also been made, 
which indicate that the macronuclear 
chromosomes are amongst the most uni¬ 
que found in any animal. 
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I do not have to apologise for borrowing, 
for my address here, the title which was 
the main theme for the India-US Bina- 
tional Conference on Life Sciences held 
in June last year. As a biologist of many 
years standing, and as one who had some 
hand in organizing the Binational Con¬ 
ference, I might reasonably be expected 
to have developed, over these years, 
some ideas of teaching and research in the 
Life Sciences in the country, and their 
bearing on national development I don’t 
claim to be alone in this I am sure, 
many of you. Fellows of the Academy, 
scientists and biologists particularly, are 
quite well acquainted with problems relat¬ 
ing to life sciences and national develop¬ 
ment, and to such of you, the general 
observations I am going to make may 
appear nothing new At the same time, 
with new emphasis given to life sciences 
all over the world and the promise held 
out that the recent break-throughs in 
biology herald a new thinking in the 
relationship between science and the 
society of man, it might not appear irrele¬ 
vant to talk about the state of teaching 
and research in life sciences in this country 
and the directions in which it is moving. 
For, It IS important to understand, after 
several decades of teaching and research 
in the life sciences, for that matter in all 
sciences, what we have achieved and plan 
for what we wish to do in the coming 
decade or two. When I say this, I do not 
wish to give you the impression that I am 
going to engage myself, in the half hour 
or so that is at my disposal, in an extensive 
review of the state of biology in the country 
and prescribe measures for the future. 
But I do want to dwell, however briefly, 
on some aspects of teaching and research 
in the Life Sciences and hope that they 
might receive the consideration of planners 
of science in our universities, research 


institutes, and other laboratories, and most 
importantly of the scientists themselves. 

Teaching in the Life Sciences in any 
organized manner in our universities began 
some time around the beginning of this 
century and has always been done as 
discrete disciplines of Botany and Zoology, 
on the pattern that these obtained in 
Britain, whose scientists not only designed 
our courses of study m those early years 
but also participated in teaching these 
courses Many of the older scientists here 
will recall the role which Universities like 
Allahabad, Lucknow, Madras and the old 
Punjab played in organizing Life Science 
departments They will also remember 
the pioneering contribution the national 
surveys made—the Zoological and Botani¬ 
cal Surveys—which were largely manned 
by British Scientists, some of them highly 
distinguished. Soon after, the Indian 
Science Congress came into being and 
acted as a forum for discussion of research 
findings and discoveries made m the 
University Laboratories and the Surveys. 

Largely, this early work in the Life Sciences 
—both Teaching and Research—was 
patterned after the system obtaining in 
Britain, and concerned itself with Taxo¬ 
nomy, Geographical distribution. Morpho¬ 
logy and Structure of a large vanety of 
animals and plants in our sub-continent. 
The result was, among other things, the 
compilation of our Fauna and Flora which 
constitutes even today a most valuable 
addition to our knowledge of the natural 
history of India and of Asia. 

However, soon after the 2nd World War, 
with the new orientation given to teaching 
and research in all branches of sciences, 
including the Life Sciences, with increase 
in the number of universities in the 
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country', and with the coming into being 
of the Atomic Energy Department, the 
Council of Scientific and Industrial 
Research, Agricultural Research, Medical 
Research and more recently of the Agri¬ 
cultural Universities in the country, bio¬ 
logical sciences acquired a new importance 
and both teaching and research in the Life 
Sciences became not only diversified but 
also intensified Applications of biology 
to agnculture, medicine, fishenes were 
recognized even more clearly than before 
and with many more opportunities afforded 
to our young men for training abroad, 
especially in the United States, newer 
disciplines like Cytology, Genetics, Eco¬ 
logy, Microbiology, were introduced in 
addition to such useful disciplines like 
Entomology, Fishery Biology, Helmintho¬ 
logy We have today in almost all our 
universities in the country post-graduate 
courses in Botany and Zoology and in 
several specialized universities and institu¬ 
tions, special disciplines like Plant Patho¬ 
logy, Plant and Animal Breeding, Genetics, 
Agncultural Entomology, Nematology, 
Fishery Biology, Forest Biology, are being 
developed and research in them is being 
done. The recognition that for any mean¬ 
ingful understanding and explanation of 
biological phenomena, competence in 
chemistry, physics and statistics is im¬ 
portant, IS relatively new, and though in 
India it has been realized only recently, 
an admission of this relevance has not 
been unequivocal; but it is being in¬ 
creasingly appreciated that functional as¬ 
pects of animals and plants cannot be 
studied or comprehended without an 
adequate knowledge of biochemistry and 
chemistry of natural systems. 

With all this, our teaching and research in 
the life sciences remain weak and I should 
like to spend some time discussing this. 

It IS admitted that any process of 
strengthening science and any efforts 
towards modernizing it must begin in 
our educational institutions—-not only in 
the universities and colleges, but in our 
schools as well. No attempt to improve 


the quality or content of our Life Science 
programme will succeed unless we start 
the improvement in our teaching institu¬ 
tions It is futile to attempt to build 
sophisticated high-level research organiza¬ 
tions on the insecure and inadequate base 
of low-level teaching and training It is 
admitted that our active scientists, in our 
national laboratories, ICAR institutes and 
Atomic Energy establishments, are by 
and large those who have received their 
advanced, even earlier, training in the 
universities in other countries and even 
today, long after post-graduate teaching 
and research m the sciences is established 
in our universities, the country has come 
to rely on scientists who have had this 
training abroad for manning the labora- 
tones, under different agencies. When I 
say this, I should not give you an im¬ 
pression of my being chauvinistic I am 
merely expressing my concern at the 
inadequacies in our universities to meet 
the lequirements of modern research, be 
It mission-oriented, applied research, or 
fundamental research directed towards 
making new discoveries in knowledge. 

One of the important lacunae, therefore, 
m our programmes of Life Sciences is the 
weakness in their teaching and this largely 
concerns the universities, colleges, and to 
a certain extent, our schools also This 
weakness is due to two causes One 
obvious cause, relating primarily to the 
school level, but applicable to the Uni¬ 
versity level also, is the large number of 
students flocking to our educational insti¬ 
tutions and our inability to match this 
student input with other inputs necessary 
to make for effective or even meaningful 
training. Every year, our student enrol¬ 
ment is growing around 10% (or more 
in some fields) and to make provision 
for other requisites to take care of these 
young people and teach them has become 
an impossible task. Even some progressive 
universities find their resources strained 
to the very hmit and where, as in the 
sciences, and particularly in the Life 
Sciences, the requirements of much needed 
equipment, library facilities and as it 
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often happens, even space, are not ade¬ 
quately or even modestly met, the quality 
of training itself should suffer. That this 
constraint should be imposed on educa¬ 
tional institutions where future genera¬ 
tions of scientists are trained, is tragic 
and should necessarily affect the quality 
of research itself. I do grant that in a 
country hke ours where the demands for 
higher education on the part of the people 
are incessant and it is believed that higher 
education is the right of all and not the 
privilege of a few, this spectacle of 
spreading scarce resources over a large 
number of institutions and people, is a 
common one but it is my belief that 
even so, some selectivity, at least in so 
far as the sciences are concerned, would 
seem inevitable if we wish to avoid the 
situation created by Engineering Educa- 
cation, for example I am sometimes 
appalled at the thought that very soon 
we shall have hundreds of Physics and 
Clhemistry M Sc s clamouring for jobs in 
the country The situation in the Life 
Science is not yet as bad but the com¬ 
pulsions of society are irresistible and the 
officers of the University Grants Com¬ 
mission are for ever going around the 
country, accompanied by ‘experts’, pre¬ 
vailing upon University departments to 
increase their intake at the M Sc and 
Ph D levels, throwing at them blandish¬ 
ment of higher grants for equipment 
(which in any case is not available or 
difficult to obtain) or additions to faculty 
positions None of these are totally rele¬ 
vant, because what in the final analysis 
relevant is the manner in which these 
people find themselves employed. The 
lesson which Engineering has offered us 
should not under any circumstances be 
forgotten. 

While the large number of students 
entering our universities, colleges and 
schools constitute a factor in the en- 
feeblement of our training programmes, 
there is another reason for this. This 
concerns the quality of such training and 
the components of the training programme. 
The Life Sciences departments in our 


universities are built on the traditional 
pattern of separate botany and zoology, 
and wherever they are present, the bio¬ 
chemistry and microbiology departments, 
with little or no interaction among them. 
Certainly there is even less interaction 
between these biology departments and 
the physics, chemistry and mathematics 
departments in the university. This separa¬ 
tion of Life Science teaching and research 
into two or more isolated departments 
and their functioning with no reaction 
with the physics and chemistry depart¬ 
ments particularly, have led to a lack 
of integrated teaching of biology and 
have prevented the utilisation of methods 
which physics and chemistry have offered 
m the undci standing of biological pheno¬ 
mena While the airangement where 
Botany and Zoology departments in a 
university were disci etc and often incom¬ 
municado is a historical fact, with the 
acceptance that they constitute study of 
living systems, is no justification for their 
continued existence as separate depat t- 
ments That many of them have been in 
existence for many years and that an) 
attempt to integrate them now is sure 
to cause traumatic disturbances are not 
arguments for the prepetuation of a 
system which is manifestly disadvantage¬ 
ous to the students whose interest alone 
should ultimately prevail Again that oui 
students in the Life Science departments 
are deprived of competence in physics, 
chemistry and mathematics which are so 
vital to the understanding, analysis and 
solution of biological phenomena, is a 
situation which should call for immediate 
redress. 

These two causes are, to my mind, 
contributive to the weakness in our Life 
Sciences programmes in the country. An 
attempt to remedy them in the form of 
affording encouragement to universities— 
especially new universities to start inte¬ 
grated Life Sciences courses has not been 
successful. For one thing, new universities, 
especially in the States, are beset not only 
with poor resources position, but also poor 
thinking and the two or three universities 
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where this was attempted, have really 
made no striking head-way. It is necessary 
that some of our older universities should 
set a model and get integration started, 
academically, if not organizationally No 
vested interest should stand in the way 
of a measure which everyone of us 
declares as the correct one, but none of 
us has the courage to put through. The 
University Grants Commission can play 
a forceful role in this regard. It should 
declare that to qualify for grants from 
it for development and maintenance, clear 
evidence of co-ordinated courses not only 
between Botany and Zoology depart¬ 
ments, but also with Chemistry and 
Physics departments should be available. 
This is not easy to achieve, for the 
thinking of fifty years or more cannot be 
changed in a short time, but my sorrow 
is, we haven’t even got started on these 
Imes and the longer we delay, the greater 
the time lag for the achievement of this 
objective 

The Binational Conference in Bangalore 
dealt with this subject and recommended 
the integrative approach to teaching bio¬ 
logy but, I am afraid, it was not forth¬ 
right or forceful enough There was, I 
believe, a clear consensus on this subject 
but the Conference, consisting as it did, 
of Professors of Botany, Zoology, Micro¬ 
biology and Biochemistry departments, 
felt constrained to recommend halting 
measures for correcting a situation which 
everyone felt was unsatisfactory They 
knew that even in Britain it was being 
rapidly remedied I should make it clear 
that tliis is the first essential step needed 
for modermzing Life Sciences teaching in 
our universities and would go to the 
extent of saying that scientists should not 
be permitted to thwart attempts to this 
measure of progress, and that if they 
happen not to agree to a measure of 
integration, albeit gradual and progressive, 
the University authorities should prevail 
upon them to do so. For, it is my belief 
that if the scientists in the existing Botany 
and Zoology departments display hesi¬ 
tancy and reluctance to such an integra¬ 


tion, it IS not because they are not 
convinced of the usefulness of such a 
measure but largely because they are 
apprehensive of not only the consequences 
of such integration to their own personal 
positions, but are unsure of the manner 
in which such an integration can be 
effected with the least possible trauma. 
I believe an understanding and apprecia¬ 
tive administration should be able to allay 
these fears and restore to the teaching of 
biological sciences the prestige and the 
usefulness that rightly belong to it, and 
confer a modernity to it 

The understanding that a sound knowledge 
of physics and chemistry and mathematics 
especially statistics, is not only useful but 
also highly necessary for comprehending 
modem biology has brought in its wake 
some complications In their anxiety to be 
modern and not to be left behind, some 
of our biologists, unmistakably traditional 
in their training, have picked up along 
their way in an adhoc manner terms and 
ideas which are often halfbaked and 
shallow Physics and Chemistry are im¬ 
portant disciplines and one cannot pick 
up competence in them in a casual 
manner I am often amused at the way 
in which, after a six month or year’s 
work in a laboratory abroad, using some 
enzymes and biochemicals, the botanist 
or zoologist claims to be a biochemist! 

I am equally amazed that a person who 
used an electron microscope for some of 
his studies, or a Scintillation Counter or 
some integrated circuits, poses as a bio¬ 
physicist! We should learn to treat physics 
and chemistry and biochemistry, with 
greater respect, just as we biologists should 
learn how to respect ourselves a little 
more. It is easy to effect curriculum 
change, to introduce into our under¬ 
graduate and post-graduate courses topics 
which lend prestige and confer on them 
an appearance of prestige. It is far more 
difficult to find the much needed inputs 
for effectively teaching these courses and 
training our students to do research in 
these topics. Of these inputs, trained 
teachers are the most important, teachers 



BR SESHACHAR 


351 


who are able to inspire their students and 
introduce them to the new biology that 
is coming up in many of the universities 
in the world. 

One of the subjects to which the Binational 
Conference gave a great deal of thought 
and attention was the content and pro¬ 
gramme of undergraduate studies in the 
Life Sciences The conference felt that 
the 1st degree, which in many univer¬ 
sities in our country in the B Sc degree, 
should be a broad-based general-purpose 
degree. Recognising that to the large 
majority of the people, this is the terminal 
stage of their university education, the 
degree should help them become informed 
citizens For the rest, it should serve as 
a basis for professional science education 
and training in applied areas; and for 
those who will choose science as a career, 
either in teaching or research, should 
prepare them for post-graduate studies 
The Conference went on to emphasise the 
need for the inclusion of mathematics, 
physics, chemistry, humanities and social 
science, and even prescribed some general 
topics in the biology curriculum, both 
compulsory and elective. These are useful 
guidelines but I wish to go on and say 
that a radical change is needed at this 
level If it IS true that the large majority 
of the people who obtain the B Sc. degree 
do not pursue higher studies in their 
discipline, if it is true that the courses 
they take should assist them primarily to 
prepare them for informed citizenship, then 
many of the things we are now teaching 
them at the B.Sc. level are net only 
unnecessary but utterly valueless. What 
value is it to him to know that the salivary 
glands of the cockroach consist of a pair 
of racemose glands, that each gland con¬ 
sists of two lobes, that there is a reservoir 
on each side and that there is a common 
salivary gland duct and other common 
reservoir duct etc., etc. Or, worse stiU, 
learn all about the structure and deve¬ 
lopment of the star-fish which he is un¬ 
likely ever to see? Examples of this sort 
are in profusion and needless to say they 
make no impression and hardly ever help 


to make the young person science-minded. 
I would scrap all this completely irrelevent 
information and include in his biology 
curriculum topics of interest and usefulness 
to him I would prescribe for study at this 
stage topics of relevance to him as a 
human being and his relationship with 
other organisms and his environment. 
Some of these topics are given below: 

Elementary facts relating to the working of the 
human body 

Foods, food values, vitamins 

Hormones, Physiology of reproduction 

Hvgienc, common infective and contagious diseases, 

their transmission, prevention, cure 

The Environment, Population, Pollution. 

Human Ecology 

Basic facts of life, its origin, maintenance 
Relationship between plants and animals 
Energy utilization 
Elementary biochemistiy 

A detailed list of topics could be diawn 
up and these would mainly cover the 
basic facts of life, its diveisity and its 
maintenance This kind of change would 
demand great courage on the part of 
the universities It would also demand 
a new thinking on the part of teachers of 
Biology But I would like to say it would 
be received with enthusiasm by the students 
and ultimately would be in the interest 
of the nation itself 

From this, I wish to pass on to the problem 
of special fields in Biology in which our 
scientists should lay emphasis, not only 
teaching but also research Here one 
naturally comes up with the question of 
the choice between basic work and applied 
work and preparation for them at the 
post-graduate level This is a question not 
restricted to Biology alone. It is the 
general belief that biology does not lend 
Itself to application nearly as extensively 
as physics or chemistry. This may be 
true; but what it lacks in breadth, it 
acquires in depth. The impact of biology 
on agriculture, medicine, food, forestry, 
live-stock and so on is immense. The 
spectacular new break-throughs in agri¬ 
cultural production in all countries in¬ 
cluding our own are testimony to the 
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application of basic knowledge in more 
than one branch of biology to food 
production. The whole matter of the 
newer understanding of the process of 
photosynthesis and its relation to multiple 
cropping IS another such example. Again, 
in the field of medicine,—the etiology of 
of cancer, the genetics of human syndro¬ 
mes,—these are new areas of spectacular 
discovery which have an undeniable im¬ 
pact on man and his life Then again, 
the more recent emphasis on Ecology, 
the environment of plants, and the quality 
of the air, water and soils, is of great 
relevance to man But perhaps the most 
spectacular of them all is the scientific 
research in basic reproductive physiology 
which has led to newer understanding of 
the problems and processes of human 
reproduction and population control. 

I specially wish to lay stress on the 
importance of bringing back in special 
focus, both in our teaching and research 
programmes, the problems of Man and 
his environment. There is to be sure, a 
certain vague awareness of human activity 
and its bearing on the quality of hfe,— 
industnalizatioD, urbanization, extensive 
use of fertilizers, pesticides and other 
chemicals, nuclear power production, and 
so on,—^but this awareness is largely 
confined to a few people. It is true also 
we are contemplating legislation on pollu¬ 
tion of our water systems, and we are 
quite conceiTied about the changes brought 
to Man’s biosphere, but a great deal 
more has to be done. We need to intro¬ 
duce elementary courses in Ecology in 
our schools. I believe the NCERT has 
drawn up one such course to be taught 
at the school level. It is necessary to 
strengthen Ecology teaching in our colleges 
and universities, not merely as a course 
in Biology but as an integrated inter- 
disdplinary area of study, with Man as 
the centre of enquiry, involving in addition 
to Ecology, Meteorology, Oceanography, 
Population Studies, Sociology as well. For 
not only do we need to have full infor¬ 
mation regarding the changes caused to 
the environment by modem technologi'. 


agriculture and engineering, we also need 
to know how man reacts to and behaves 
in such changed environment. Basic studies 
are needed in several of these areas and 
none can provide them but our schools, 
universities and research institutions. 

Let me given you one example. In one 
experiment carried on in the United 
States, over a period of sixty years, it 
was discovered that solar radiation, espe¬ 
cially in the ultraviolet region, had 
decreased by about 16%, presumably due 
to atmospheric pollution, smog, and other 
types of air contamination. This loss of 
solar radiation should be expected to have 
very visible consequences, especially on 
photosynthesis 

You will thus see the relevance of inte¬ 
grated teaching of biology, and the need 
to have sound knowledge of physics, 
chemistry, mathematics, astronomy, geo¬ 
graphy, meteorology and other allied sub¬ 
jects, in any attempt at teaching modern 
biology 

Having said that, I should not be mtei- 
preted as implying that all higher training 
and research should be directed towarcls 
these problems of application to Man, 
augmentation of his resources or allevia¬ 
tion of his suffering. In any countiy, 
science should be designed to make man’s 
life richer, fuller and more enjoyable 
(materially). But in a country like ours, 
where resources are scarce and problems 
of hving for our people assume enormous 
proportions and appropriate the greater 
part of our attention, it is a must that 
much of our effort be directed towards 
meeting the requirements of man. But, I 
submit even in our country, there is a 
truism that without basic research, the 
fountain of creative thinking would dry 
up and man would be condemned to live 
in an uninteresting arid world, withal a 
world of plenty, and that for the spirit 
of inquiry to blossom, it is necessary to 
feed the flame of initiative and originality. 
However, it is not easy to define the 
limits between pure and applied biology 
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and prescribe the inputs into each of 
them. By and large, basic research in the 
Life Sciences is now being done in the 
University departments while the seve¬ 
ral specialized institutes and laboratories 
under the different agencies are engaged 
in Fisheries, Forestry, Agricultural and 
Medical Entomology, Nematology, Marine 
Biology and so on. 

The relationship between applied science 
and basic science, the attention and 
support which each one should receive in 
the country, the priorities that should be 
established and the place they hold in 
national development are all subjects 
which have been discussed in the past 
at more than one forum and I may not 
have much to contribute to the discussion. 
But I do want to spend a few minutes on 
the subject in relation to the life sciences. 

I want the scientists here, and particularly 
the younger among them, to take note of 
the criticism that much of the basic re¬ 
search in biology in the country is re¬ 
petitive and breaks no new ground. That 
a large country like ours with a scientific 
manpower equal to that of Britain, has 
not been able to produce more than one 
Nobel Laureate in the Sciences, is often, 
and quite seriously, cited as evidence of 
our scientists not taking their science 
seriouslv enough. That much smaller 
countries of Europe, with much less 
tradition of learning and literature, if 
not of science, have been able to attract 
world attention in science, is a matter 
which we in this country should take note 
of. We are a great nation. We have a 
long history of creative activity in several 
fields,—^literature, art, music. Science and 
Scientific tradition might be something 
new, but a great people whose civiliza¬ 
tion and culture date back to several 
centuries before Christ and who even in 
the sciences like mathematics were pio¬ 
neers in the past, should give a better 
account of themselves in the field of 
science. Creativity in the sciences is not 
easy. It first calls for brilliant minds; it 
also calls for these minds to be put to 


work. As a people, no one can say, we 
lack brilliance. The achievements of our 
people in the past can rank with those 
of any other people in the world and if, 
therefore, it has not been possible to turn 
these minds to creative science, it, I 
believe, is the fault of our society. I am 
not unmindful of the political structure of 
our country of the past few centuries 
and consequently the social structure of 
our people, which certainly have contri¬ 
buted to the weakening of our science 
but even so, I beheve we could have 
done better. I am also not unmindful of 
the constraints under which our scientists 
have been working,—the lack of e<^uip- 
ment, space, libraries and other things, 
including the absence in many fields of 
a critical size of a group of scientists,-— 
but instances like those of Raman who 
worked with the most primitive equip¬ 
ment and whose working conditions were 
unimaginably difficult, should serve as 
shining examples. It might be trite, and 
many have pompously proclaimed it; but 
I do want to say that we have acquired 
a great deal of expensive equipment and 
apparatus in many of the laboratories, 
including a few university laboratories, 
but we have not fostered creative minds 
nearly as diligently. Ideas are important 
in creating new science and ideas rarely 
come from anywhere but human minds. 
Whether it is biology or physics or che¬ 
mistry or particularly in fields like mathe¬ 
matics, and of course in the arts,— 
painting, music, poetry,—the importance 
of the individual has been lost sight of in 
our country and until and unless we 
recognize this importance and devote all 
our attention to nurture it, our science 
like several other fields of creative activity 
must remain infirm. 

Almost any one can see evidence of it 
all the time. One has only to attend a 
symposium, a seminar or a conference 
that is held in this country; and especially 
in the areas of basic sciences and one 
can see bow the majority of presentations 
made at these conferences relate to work 
that was done by the author (or his 
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associates) in some laboratory outside 
our country or that is merely repetition 
of what IS being done elsewhere. It is 
often no more than an extension of the 
person’s Ph D thesis which was submitted 
there. I recently attended one such con¬ 
ference and saw that the greater number 
of papers related to work which blazed 
no new trail, developed no new concepts 
or presented no new ideas. It was an 
uninspiring experience Basic or funda 
mental science has been defined as science 
of discovery. It is bom out of curiosity, 
and unless the mind mov^'es out into the 
unknown and untracked, curious to find 
out what IS in there, there will be no 
discovery,—no creation of new knowledge. 
Anything that does not do this, and is 
merely content to plough the old familiar 
furrow, with however new implements, 
progress is little and literally “no new 
ground is broken” Of course this is not 
given to all—this breaking of new ground 
It is a faculty of the best minds, of the 
greatest intellects. I cannot for a moment 
believe that we in this country do not 
have these minds, or these intellects, in 
a more abundant measure than would 
appear. I cannot for a moment believe 
that in other countnes, there are more 
bnlliant minds in larger numbers I must 
merely conclude that these do not by 
and large possess the adventure, the 
daring, the courage, to go out into the 
unknown and discover it. It is possible,—• 
in fact I believe it is largely true,—that 
the environment in which these minds 
are placed, the milieu in which they are 
working in the country, is not such as 
to encourage young people to seek new 
things, put new ideas to work. This is 
tragic, for, to create new knowledge is 
no less the responsibility of those who 
provide adequate conditions for work 
than the young and brilliant minds that 
are engaged in scientific studies. If it is 
tme that our young scientists are amongst 
the most brilliant, it should follow that 
they should create brilliant science. And 
anything that comes in the way hampers 
national development. The role of the 
creative scientist is not appreciated in 


this country nearly as well as it should 
be. There is often the impression that as 
long as we fill our laboratories and re¬ 
search institutes and University depart¬ 
ments with men in enough numbers and 
provide them with equipment and other 
facilities, the progress of science is assured. 
Most of us see lengthy advertisements in 
our daily newspapers inviting applications 
for scores and sometimes, hundreds of 
positions in our prestigious agencies and 
organizations,—the AEE, the CSIR, the 
ICAR,—and so on. And like me, some of 
you might even have wondered what 
these large numbers of scientists do in 
these organisations I am sure they do 
something useful. However, that is assur¬ 
ing ourselves of quantity How do we 
assure ourselves of quality? What machi¬ 
nery do we have of detecting and identify¬ 
ing talent,—outstanding talent? And after 
such identification, have we the means by 
which this talent is made to develop? 
For, not only is it important that the 
selection of the most talented of our 
young scientists be assured, it is even 
more important that conditions be created 
for their talent to be developed fully and 
in the least possible time In fact, the 
latter is much more difficult, for, critical 
evaluation of creative potentialities of 
young scientists is not easy, and often 
hard work, diligence and wide knowledge 
pass for creativity, which they are not 
It is my belief that in regard to identifica¬ 
tion of talented people in our scientific 
establishments, evaluation of their creative 
ability, as well as affording conditions for 
the full development of their talent, we 
have done very little. And unless we do 
this quite urgently and determinedly, the 
fountain spring of creative activity in 
science will dry up and opportunities for 
growth of basic science will be altogether 
lost. 

In this regard, the Academy can play a 
useful role and is prepared to do so. In 
fact in other countries, specially in the 
USSR, the Academy of Sciences is con¬ 
stantly alert and engaged in saving for 
the nation, the scientific talent of the 
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country at all levels and the spectacular 
results the USSR has obtained, especially 
in Mathematics, are well known to us 
I believe it is necessary for us in this 
country too to pay attention to this aspect 
of our science development. 


Under the plea of speaking of the present 
and future of teaching and research in 


the Life Sciences in this country, I have, 
I am afraid, talked about some general 
matters of Science and its development. 
I believe these have a relevance in any 
field of science, indeed in any field of 
human activity, and as one who has had 
some acquaintance with problems of 
science in this country, I felt perhaps 
I might utilize this opportunity to dwell 
on some of these matters. 



SCIENCE AND THE UNIVERSITIES 

B R Seshaohar 

(delivered at Chandigarh^ 1973) 

The President of the Academy is reqmred, 
under the rules, to give, at the anniversary 
general meeting in January, an address 
bearing on a subject of his interest and 
one in which he has spent some time of 
study. This has been construed to mean, 
generally speaking, a subject or theme in 
which the President, as scientist, has been 
involved. In so far as I am concerned, 
I have, during the past year or two, paid 
little attention to my own scientific re¬ 
search, and consequent upon my retire¬ 
ment from the Delhi University, Zoology 
Department, in July 1971, have devoted 
all my time to matters related to the 
Academy. I have been named Emeritus 
Professor in the Delhi University after 
retirement, but this is merely honorific 
and hardly provides for any close involve¬ 
ment in the life of the University. While I 
have, as Emeritus Professor, the great dis¬ 
tinction of being in the company of three 
distinguished scholars, one of whom 
wzis a past President of INSA and the 
other your future President, it means 
little more. 

In consequence therefore, I have to deny 
myself the pleasure of speaking at this 
anniversary meeting on a technical subject. 

I would, however, like to address you, 
on a subject of much wider interest, one 
in which I have spent a great deal of 
time. My connection with university teach¬ 
ing and research in two universities in 
the country for the past 47 years, my 
association with several scientific agencies 
here, and most importantly my President¬ 
ship of the INSA have provided me with 
unique opportunities of examining the 
growth of science in the universities and 
entitle me to offer some comments on it. 
Recently, I have spoken about it at some 
forums in the country, even as some other 
eminent scientists have done, and written. 


I tnay therefore have little to add to 
what has been said but still I felt, a 
gathenng of this competence and magni¬ 
tude offers unique opportunities for making 
a personal survey of the situation that 
exists in the universities in the country, 
with the hope that we, who have gathered 
here, university scientists as well as others, 
may provide some thinking on the sub¬ 
ject, if not solutions. For, wherever we 
may be working, whatever our position, 
the training in, and teaching of, science 
in the university as well as research in it 
have an impact on all sciences regardless 
of the agency where scientific research is 
being conducted. It is with that hope 
that I am speaking to you today. 

Let me first begin by saying that the 
universities were the first organisations 
which sponsored and supported scientific 
research in India, and are even now the 
only ones where teaching and training in 
the sciences are being done. Some of our 
universities are over a 100 years old and 
three were started in 1857—Bombay, 
Calcutta, Madras. It was the university 
that provided the atmosphere for initiation 
of science in our young men and formed 
the basis for training scientists Of course, 
in those early days, no research worth the 
name was done and the universities were 
largely engaged in training administrators 
of all types and of all levels, to the extent 
that Ae British permitted us to do. The 
situation improved considerably at the 
turn of the century and young Indians 
not only distinguished themselves as mem¬ 
bers of the Civil Services but also felt 
that science as a career was open to many 
of them. 

Several universities distinguished them¬ 
selves then—Calcutta, Madras, Allahabad, 
Punjab, were some—and the science 
departments in these universities were 
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named not only by distinguished British 
scientists, but by a number of young 
Indians. The starting of the Indian 
Science Congress in 1914 provided the 
necessary impetus and forum for scientists 
to announce results of their scientific 
work as well as discuss them with their 
colleagues. 

Meanwhile, the universities grew; not only 
did the existing universities grow in size, 
but new universities were started too. We 
had only 5 universities at the turn of the 
century. We had 25 in 1947 when we 
attained independence. We have, I 
think, 90 today. 90 universities for 
a population of around 560 million 
people are not too many, but when 
universities are started with no other 
objective than to meet local pressures, 
when they serve no purpose but to 
confer degrees, when the enthusiasm 
with which they are started is not matched 
by the State Governments with a desire 
to provide facilities (or resources to do 
so), then, universities become not places 
where young men go for inspiration and 
learning, but burdens on society. This is 
exactly what has happened. 

For, in our efforts and desire to please the 
local population, who have the strange 
concept that the location of a university in 
their town or area confers a prestige and 
dignity to it, universities have been started 
all over the country with no regard to the 
basic requirements to be met or to the 
necessary inputs to be provided. Almost all 
of them are nominally involved in teaching 
the sciences at both the undergraduate and 
post-graduate levels; in addition, these 
universities have encouraged colleges affili¬ 
ated with them to do the same, with the 
result that, in many of them, post-graduate 
teaching is being done with little or no 
eqmpment, with few library and other 
facilities. There is no research going on in 
them, which is so important, especially for 
post-graduate teaching, and even the 
courses remain unchanged for many years. 
There is no interdisciplinary involvement 


to speak of, and the archaic administration 
permits little initiative or creativity. 

The result has been that in many univer¬ 
sities there has been hardly any breaking 
of new ground. The teachers are uninteres¬ 
ted and often httle qualified, the equipment 
is primitive and facilities hmited, and it is 
difficult to expect, under the circumstan¬ 
ces, that any advances m science can be 
made, at least in the experimental sciences. 

No wonder therefore, the universities have 
come in for good deal of criticism. The 
Vice- Chancellors are blamed, the teachers 
are blamed, the students are blamed, the 
political parties are blamed and the 
University Grants Commission (which is 
supposed to ovei see standaids) is blamed. 
In fact, almost no one is spared. As if to 
endorse all this we see the spectacle of one 
university after another felled in the pro¬ 
cess. One Vice-Chancellor after another 
is sacrificed or is running away and, what 
is more sigmficant, and perhaps happening 
for the first time in the country, no one is 
agreeing to be the Vice-Chancellor of even 
such prestigious Universities like Lucknow 
and Allahabad, which until recently were 
known all over the country as great seats 
of learning. 

There is criticism too that, even apart from 
this, the levels of teaching and research 
have fallen in our universities, that stan¬ 
dards in many of them are low, that far 
from being temples of learning they have 
now become centres of strife and indiscip- 
hne. There is fear that the great intellectual 
giants who inspired generations of students 
in the sciences, like Saha, Sahni, Mitra, 
Raman are gone and their place taken by 
persons whose intellectual calibre or 
devotion to science leaves much to be 
desired. 

The picture that emerges from this 
analysis is a dismal one, and the only 
institutions in the country, devoted to the 
great mission of transmission of knowledge, 
Ue in disarray, and not only sdence but all 
scholarship is at a discount in the country 
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because the fountainhead of that know¬ 
ledge, the universities, are suffering from 
neglect and decay. 

It is a gloomy picture and bodes no good 
to the nation. One has only to pick up the 
morning newspaper to read distressing 
news, in one university or another in the 
country, of unrest, disorder, violence, 
police action and so on. 

What is the reason for this situation, which 
has recently assumed unprecedented pro¬ 
portions? How do we correct it? And, 
specifically with the sciences, what are 
the measures we should adopt to retrieve 
it? 

Unrest and disorder in the universities are 
not special to India. They seem to be a 
world-wide phenomenon. In Paris, in 
Harvard and Berkeley, in Warsaw or Rio 
di Janeiro, universities are m a ferment. 
It is clear that the reasons for these con¬ 
flicts are not the same everywhere, and 
that while students all over the world 
share the common feature of being young, 
it would appear that in each case, a certain 
special element imparts urgency and 
importance, and provides the last vital 
cause for conflict. It may be overcrowding 
in one, Viet Nam in another, inadequacy 
of facilities in a third. 

In India, it is a combination of several 
factors. The senseless and irrational pro¬ 
liferation of universities without providing 
them the basic needs is only one of them. 
The purposelessness of the courses in most 
universities, and the minimal value they 
jjrovide for meeting the challenges of 
living is another. The alacrity with which 
political party conflicts get transferred to 
the universities is a third. The significant 
absence of both intellectual and adminis- 
prative leadership is a fourth. But more 
important than all these, and the one which 
we seem to have neither provided for, 
nor sought to remedy, is the problem of 
numbers. 

The enrolment in our universities has. 


during the past 20 years, registered such 
spectacular increase that it should be a 
matter of concern to our planners both 
at the Centre as well as in the States. In 
1950-51 the total enrolment in our univer¬ 
sities was of the order of 400,000, of which 
about 5% was post-graduates. In 1970-71, 
the total enrolment was more than 3 
million, 8 times that in 1950 and the post¬ 
graduate enrolment had reached the 
spectacular figure of 163,000—18% of the 
total. 

No university in the country has been 
able to step up its facilities to accommo¬ 
date these huge enrolments. None has the 
courage to suggest alternative methods of 
meeting them. 

That the unrest in the universities is 
primarily linked with pressure of numbers 
and that we cannot ever match these 
numbers with the needed facilities is not 
admitted by anyone That again the 
numbers of students in our universities are 
an inevitable consequence of our increas¬ 
ing population is even less appreciated 
When we are adding 12 to 15 million 
every year to our population, it is im¬ 
possible to expect that our annual en¬ 
rolment in our universities does not go 
up considerably, especially if, as we seem 
to feel, university education is the right 
of all and not the privilege of a few 
talented and motivated people. Just as 
we have not been able to provide the 
basic necessities for our people,—food, 
housing, clothing, medical and sanitary 
facilities and even protected drinking 
water, we have not been able to provide 
education, far less has it been possible 
to provide higher education. 

The impact of population rise on our 
economic and social structure, in retarda¬ 
tion and halting of our progress on almost 
aU fronts is not a convenient subject for 
discussion at any forum. The destructive 
role of our rate of population increase 
on almost every sector of activity is a 
subject which our politicians mention only 
in passing; the relationship it bears to 
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poverty, undernourishment, snarling and 
disruption of our services, and our 
economic and social backwardness is either 
not admitted or ignored because it is 
politically convenient to do so—that 
again this has a direct bearing on unrest, 
violence, disorder and that overcrowding, 
pressures of numbers, have strange and 
often unpredictable, little-known effects 
on man, are matters of concern to no 
one. Rustication of students, calling in 
the Police into campuses, appeasement of 
or firmness towards student groups, teacher 
groups etc. are temporary, ineffectual 
palliatives which merely postpone the 
inevitable day when we have to sit down 
and face the one inexorable reality— 
numbers 

This according to me, is the crux of the 
problem. Some of us may deny it either 
because it is comfortable to do so or it is 
impossible to do anything about it, but 
this comfort is short-lived and soon events 
will pull our heads out of the sands in 
which we have buried them and we will 
be forced to adopt repressive measures 
whose severity will surprise the world. 

The only way by which we could relieve 
pressure on our universities, as well as 
restore to them some semblance of 
standards, is to introduce some process of 
selection in our enrolment; but then 
this is politically abhorrent, however 
necessary it may be academically. The 
victims are the universities which either 
have to admit a large number of un¬ 
interested, poorly-equipped and ill-moti¬ 
vated students, or be subject to pressures 
from all sides—governments, parents, 
students and the public who believe that 
the universities are magic houses where 
all dross is turned to gold. 

The time has come to delink the job 
opportunities in the country from the 
education which is supposed to equip 
them. The university degree has acquired 
in this country, the sanctity of a graven 
image, and it is pathetic to see thousands 
of our young men and women scurrying 


around to get no advantage from their 
university experience except a degree. 
From the present trends, it seems to me 
that we shall soon be giving a post-dated 
diploma or certificate to a student as soon 
as he joins the university. 

The artificial position we have accorded 
to the umversity degree must be removed 
and learning and acquisition of skills 
restored to their rightful place. It is difficult 
to do so and in the context of present 
situation, none but the Government can 
do this. It IS sure to cause a great deal of 
trauma, for the concept of a century 
cannot be erased in a day. But if we don’t 
do this soon, the unrest m our educational 
institutions will spill over to our farms, to 
our industrial establishments, to our 
factones, to our mills and to our streets. 

Already this is happening. 

Also, It is necessary that the people them¬ 
selves realize that it is not in their interest 
to send their children to the universities 
and that no special advantage is conferred 
by this. A reconciliation between Demo¬ 
cracy and Quality must be reached and 
at the high levels of education we are 
talking about, it should be assured that 
Quality alone prevails. Some method of 
selection must be accepted at all levels. 
Preservation of quality is the only way in 
which preservation of higher education 
can be assured. 

Much of today’s criticism of the univer¬ 
sities centres around the face that quality 
has been sacrificed at the altar of numbers 
In a forthright condemnation of the univer¬ 
sity system, Dr R Ramanna of the BARG 
deplored in a recent article published in 
the Illustrated Weekly of India, the tragic 
state of the universities and appealed for 
restoration to them of their rightful place 
as centres of learning, which they occupied 
even as recently as 30 years ago. While all 
academic values have suffered, science has 
suffered most consequent on the fact that 
quality science teaching and research 
depends to a large extent on additional 
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inputs Eke equipment, Ebrary facUities, 
etc. The result has been that science 
research as a whole in the country has 
suffered, as Dr Ramanna observes. BARG’s 
experience has been that most of the 
entrants into their organisation are so 
poorly equipped that special training 
facihdes have to be provided by BARG 
after they are appointed. This is a com¬ 
mentary on our university science teaching, 
which deserves serious attention. 

While numbers in the universities are a 
prime cause for faU of standards, especially 
in the sciences, there are other causes too. 
One is the utter neglect of the univenities 
by government and the pubEc. Education, 
and higher education particularly, is a 
State subject. The starting of new univer¬ 
sities, support to them, maintenance of 
discipline in them, appointment of staff, 
are all in the purview of State Govern¬ 
ments, either directly or through Univer¬ 
sity Comnuttees. Certainly the appoint¬ 
ment of Vice-Chancellors is under their 
control. The University Grants Com¬ 
mission does exercise some supervision of 
standards and provides funds for develop¬ 
ment but the first is so marginal and the 
second often accounts for so httle of the 
total budget of State universities, as to be 
of Ettle consequence. Also, the States are 
jealous of their influence on the universities 
and hardly ever permit the incursion of an 
outside body to limit their hegemony. The 
universities have therefore tecome indi¬ 
gent status symbols rather than valuable 
and precious trusts. Neither the Education 
Ministry at the Centre nor the University 
Grants Commission has any control or 
effective voice in the governance of univer¬ 
sity affairs. 

You will recall that some years ago, the 
then Central Minister of Education, Mr 
M G Ghagla, aware of the fast deteriorat¬ 
ing situation, attempted to suggest that 
Education be made a concurrent subject 
in our Constitution. I beEeve all but one 
State rejected this suggestion. Tha.t the 
States continue to keep the universities 
in penurious .thraUdom even with the 


possibEity of assistance from the Centre 
is the tragic situation today in higher 
education. While it is not suggested that 
the Centre’s participation or involvement 
in education in the States would deliver 
in into the haven of peace and progress, 
there would hopefully be more and 
greater opportunities for an exchange of 
ideas among the universities and a reduc¬ 
tion of disparities in standards among 
them. For, among the most distressing 
features in the higher education land¬ 
scape today is the appallingly low standards 
of them as well as the continual pressures 
on the relatively good ones to abandon 
all attempts to maintain whatever 
standards or academic reputation they 
have been able to build over the years. I 
am not sure if Government at the Central 
Ministry of Education is trying to revive 
this idea of Mr Chagla to make Education 
a concurrent subject; perhaps it may be 
worthwhile to make another attempt, for 
since 1963, it is admitted on all hands 
that, certainly univeraty education has 
undergone much deterioration, and hope- 
fuEy the States have come to realize now, 
which they did not do then, that the situa¬ 
tion is so bad that if effective measures are 
not taken aU hope is lost, and the young 
people in our country wiU roam about the 
streets as ignorant, restless nomads, 
jeopardizing the future of our nation. 

In fact, this was foreseen long ago by 
Bhabha who, I beEeve, did make some 
attempts to bring about reform in our 
universities. Not obtaining a response 
from any university including his own, 
and clearly seeing the danger of whatever 
talent there was in the country being 
entirely submerged and smothered in the 
mediocrity and cussedness of our univer¬ 
sities, he found he had no alternative but 
to concentrate on the building of one 
institute of exceUence for the basic sciences 
and also fill the Atomic Research Centre 
with such scientific talent that he could 
pick up, and encourage it. While we may 
now feel that with his enormous organizing 
abiEty as well as colossal influence, he 
might have contributed to the strengthen- 
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ing of the universities in the country and 
thus provided the nation some assurance 
of standards in higher education, one 
can, in retrospect, appreciate his frustra¬ 
tion and laud his attempts to salvage 
whatever was left of the desolution in 
university education. It is not claimed by 
the friends of the TIFR or AED that these 
organisations have retrieved higher educa¬ 
tion in the sciences. It was merely their 
hope that the pattern of administration 
obtaining there and the policies pursued, 
would provide some guidelines to the 
universities whose rules and regulations 
are so archaic, inflexible and out of tune 
with modern-day educational concepts 
that these are amongst the important 
hindrances for progress in them. Alas' 
this has not happened, and while some 
institutions have progressed, the univer¬ 
sities, have by and large, been left behind. 
The obvious consequence of all this has 
been a further increase in the gap between 
a few progressive institutions in the 
country which have received support and 
the many university departments which, 
consequent on not only their numbers, 
but also their unprogressive policies, have 
become the poor cousins. A hierarchy has 
come to be built up, with some few institu¬ 
tions on the top enjoying affluence while 
the universities have come to occupy a 
lowly position of indigent, illequipped, 
poorly-endowed bodies with no prospects 
of improvement in any area of their activity 
except enrolment of larger and still larger 
number of students. 

And yet, none but the universities can 
discharge the function of teaching and 
training, not only in science but for 
citizenship,—not the impressive labora¬ 
tories of BARG, not the highly prestigious 
TIFR, noi the many institutions under 
the GSIR or ICAR. None can claim to 
mould the minds of our youth or initiate 
methods and concepts of science as the 
universities can. None can participate in 
the transmission of knowledge. None can 
interpret the meaning of discipline or 
appreciate its value. None can take the 
message of science to our people. Without 


a strong base of science-mindedness we 
cannot hope to take our people into a 
scientific age. 

This is our present tragedy. What is the 
remedy'* How do we reconcile the grow¬ 
ing numbers with the re-establishment of 
quality education, at least at the higher 
levels? How do we restore our universities 
the prestige and the intellectual power 
they enjoyed till recently and which 
universities enjoy in other advanced 
countries? How do we make them the 
potent instruments of change ? 

There are no easy answers to these ques¬ 
tions And as elsewhere, it is easier to be 
critical than to suggest remedies Reme¬ 
dies there are, but they are hard ones, 
unpalatable politically, especially in a 
democracy like ours But they must be 
applied regardless of the trauma they are 
certain to cause. They must be applied 
by the Centre as well as by the States; 
they must be accepted by all and imple¬ 
mented without reservation. I outline 
some of these remedies:— 

(1) No university should be started because ot 
pressures. The contribution of a university 
should be preceded by adequate study, planning 
and organisational effort. The States should 
regard this as the first covenant. 

(2) University education should be for the talented, 
for those who have the aptitude Some sort of 
selection should be introduced. 

(3) The States, Centre and the University Grants 
Commission should give massive grants for 
improvement. 

(4) Machinery should be set up immediately for 
curnculum development and modernization 
of courses. 

(5) Universities must be required to pay increasing 
attention to the special problems of the area— 
the ecological, technological, sociological and 
economic problems in particular. 

(6) Universities should cease to be mere conglo¬ 
merations of disparate departments engaged 
m constant feuds for the appropriation of the 
meagre resources, but become the proving 
grounds for co-operative endeavour, intellec¬ 
tual interaction and emotional integration. 

(7) Parochialism, regionalism, casteism and h'ngu- 
ism should cease to have place in the univer¬ 
sities. There should be mobility both among 
students as well as teachers. 

(8) Antiquated rules and regulations for hiring 
staff should be done away with. Not only should 
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talented teacher'^ be encouiaged but, as in 
progressive countries, the universities should 
go out and look for them 
(9) Some sort of machinery bv vv^hich the Centie 
exercises, not control, but expresses apprecia¬ 
tion of the problems of the universities should 
be set up fresh efforts for making Educaion 
a concurrent subject appear to be called for. 

Do these measures appear utopian^ They 
do, even to me. But m the modern age of 
science, utopia is a temporary concept 
Everything is attainable, everything 
feasible, provided we work for it 

Ladies and Gentlemen, I fear you have 
been subjected to a rather tiresome 
account of the ills of the universities— 
perhaps too depressing. But I ask you, 
what IS not depressing in our country? 
If we, not only in the Academy but also 
outside, both as a group of scientists 
and intellectuals, as well as individuals 
who are interested in the future of higher 
education in our country, give some 
thinking to these problems, I believe we 
should have, powerless as we are, the 
influence to alter the course of deteriora¬ 
tion on which it would appear, university 
education is set. 

After having said all this, I come to the 
formal part of my function, as outgoing 
President of the Academy. 

It is a matter of great satisfaction to me 
that it was given to me to preside over the 
Academy during the past two years These 
two years have been most eventful and 
while I have not been able to do much 
for the Academy, the Academy has done 
much for me. It has brought me in close 
touch with a large number of scientists 
in this country and has enabled me to 
understand and appreciate the problems 
of science and scientists as never before. 
It has ^ven me unequalled opportunities 
of providing, to the extent I could, en¬ 
couragement to scientists. Coming at the 
end of a long period of teaching and 


research in my own field, it has opened 
windows on other areas of knowledge. 

I cannot however say, I have been able 
to do all I wished to do, for the Academy. 
Two years ago, I felt I would be able to 
do many things. A period of two years is 
perhaps too short to achieve substantial 
gains, but it is my hope that during this 
period, I have made some contributions to 
Its growth and development An institution 
such as this is much greater than any 
individual. But it is the individual contri¬ 
bution of every one of us that makes the 
institution greater and better. I do hope 
that those of you who, two years ago, 
placed so much faith in me as to elect 
me to this high and prestigious office in 
science in country, are not entirely dis¬ 
appointed. The Academy is a great body 
It has on its Fellowship all the well-known 
scientists in the country It is regarded 
all over the world as the spokesman of 
science in India It enjoys the greatest 
prestige in all countries from the United 
States to Australia to USSR to Britain 
It does not seek prestige except to accord 
prestige to scientists It does not seek 
influence except to mould our country as 
a modern nation. 

I have had, during the two years of my 
tenure as President of the Academy, the 
unstinting and enthusiastic support of 
my colleagues and officers, the two Vice- 
Presidents, the two Secretaries, the 
Treasurer, the Foreign Secretary and the 
Editors of Publications To them and to 
the members of the Council should go the 
entire credit of whatever has been achieved 
or initiated during the past two years To 
most of us, the work of the Academy is a 
labour of love; we are actuated by no 
motive other than to serve it as best as we 
can, for we truly believe, by doing so, 
we serve science. Busy as these friends have 
been with their own responsibilities and 
duties, they have given their time amply 
and unstintingly. I am grateful to them. 
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Universities and others) and Leningrad 
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achievements are: Theory of white dwarf 
stars and transport phenomena in degene¬ 
rate electron gas; Ionization of matter by 
pressure (“cold body” cannot have radions 
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HUMAN IMPLICATIONS OF SGIENGE 

D S Kothari 
{delivered at Nagpur, 1974) 


It is for me a great honour to address the 
anniversary meeting of the Academy. And 
all the more so when I thmk of the eminent 
men who in the past have addressed us. 

Since independence, our country has been 
greatly concerned about promotion of 
science and technology, and its contnbu- 
tion to national development, economic, 
social and cultural. Science and techno¬ 
logy are vital to development, but if this is 
to be harmonious, and not in the end self- 
defeating, the human implications of 
science and technology must ever receive 
our fullest attention. I shall say more 
about this presently. 

Fifteen years ago the Government an¬ 
nounced the scientific policy resolution. 
In an oftquoted statement. Jawaharlalji 
said in Parliament: 

“Science has developed at an ever-mcreasing 
pace Since the beginning of the century, so that 
the gap between the advanced and backward 
countries has widened more and more It is only 
by adopting the most vigorous measures and by 
putting forward our utmost effort into the develop¬ 
ment of science that we can bridge the gap. It is 
an inherent obligation of a great country like 
India, with its traditions of scholarship and original 
thinking and its great cultural heritage, to parti¬ 
cipate fully in the march of science which is probablv 
mankind’s greatest enterprise today.” 

And the statement continues: 

The Government of India have accordingly 
decided that the aims of their scientific 
policy will be: 

(i) to foster, promote, and sustain, by all appro¬ 
priate means, the cultivation of science 
and scientific research in all its aspects-pure, 
applied and educational; 

(it) to ensure an adecfuate supply, within the 
country, of research scientists of the highest 
quality, and to recognise their work as an 


important component of the strength of the 
nation, 

(iti) to encourage, and initiate with all possible 
speed, programmes for the training of scienti¬ 
fic and technical personnel, on a scale adequate 
to fulfil the country’s needs in science and 
education, agriculture and industry, and 
defence; 

(i£») to cnsuie that the creative talent of men and 
women is encouraged and finds full scope in 
scientific activity, 

(n) to encourage individual initiative for the 
acquisition and dissemination of knowledge, 
and for the discovery of new knowledge, in 
an atmosphere of academic freedom, and 
(vt) in general to secure foi the people of the 
country all the benefits that can accrue from 
the acquisition and application of scientific 
knowledge. 

The Government of India have decided 
to pursue and accomplish these aims by 
offering good conditions of service to 
scientists and according them an honoured 
position, by associating scientists with the 
formulation of pohcies, and by taking 
such other measures as may be deemed 
necessary from time to time.” 

This is a historic statement, and is as 
relevant today, pertinent, as when it was 
first made. To implement the compre¬ 
hensive pohey enunciated in it is no easy 
thing, as is increasingly apparent. It 
requires energetic, sustained and co- 
ormnated action on many fronts; educa¬ 
tional, scientific and political. And it also 
needs activisation and recognisation of 
the academies and scientific societies in 
the country. 

Role of INSA 

The Academy has been considering for 
some time, as Fellows are aware, the 
question of bringing about certain im¬ 
portant changes in structure and function¬ 
ing of the Academy so that it can promote 
more effectively scientific research in the 
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country and the role of science in national 
life and affairs. As I said at the October 
1973 meeting of the Academy—and it is 
a reiteration of what my distinguished pre¬ 
decessors have often emphasized—the role 
and work of the National Academy is 
very important for national development: 
for the growth of scientific research, and 
a ‘climate’ favourable to research and 
innovation, and welfare of the scientific 
community An important role of INS A 
IS promotion of international scientific 
contacts. There is no substitute for an 
active well-organized National Academy 
enjoying the confidence and support of 
the scientific community, the Govern¬ 
ment, and the pubhc generally. There are 
certain basic functions which no other 
agency can discharge adequately. The 
development of the Academy demands a 
continuing effort and earnest co-operation 
of the Fellows. We need to enlarge the 
number of Fellows admitted every year 
to the Academy. In several disciplines it is 
becoming extremely difficult for a person 
to get elected while still in the prime of 
his scientific creativity. The increase in 
yearly admissions, if adopted by the 
Academy, should make it possible to give 
due emphasis, in Fellowship elections, to 
newly emerging frontiers, and to multi¬ 
disciplinary and ultra-disciplmary areas 
of research. An increase in the yearly 
intake of Fellows is only one aspect of 
several other changes which are called 
for. To some of these I referred to at the 
October 1973 meeting. 

Academy Medals for Young 

Scientists 

The Academy has instituted, beginning 
this year, fifteen Medals to be awarded 
annually to young scientists, below the 
age of 30 years, in recognition of scientific 
achievement. Nominations would be in¬ 
vited on a wide basis. The awards will be 
made by the Council on the recommenda¬ 
tions of the Sectional Committees. “Award 
Lectures” by the Medalists on their work 
may be published in the Academy Proceed¬ 
ings or separately. The success of the 
scheme would depend on the interest 


taken by the Fellows, and on our ensuring 
the highest possible standards in selection 
of the awardees. 

Incidentally, when selection cnteria are 
very stringent, as these ought to be, the 
probability of an ‘undeserving candidate’ 
getting through is negligible, but corres¬ 
pondingly the chance of an equally 
deserving candidate being rejected is not 
so—It can be quite large. This applies to 
all competitive selections: also to our 
Fellowship elections. The number of 
awards should therefore be neither too 
few nor too many. Also, it is good for 
everyone, those selected and those not 
selected, to remember the role of ‘luck’. 
(That helps to mitigate the evils of snob¬ 
bery and arrogance.) 

Need for Science and Technology Act 

May I now refer to a matter of wide 
interest and national significance. It is 
about the need for a ‘Science and Techno¬ 
logy Act’ for our country. A compre¬ 
hensive Science and Technology Act 
enacted by Parhament would be a natural 
and much needed follow-up of the historic 
science policy resolution fifteen years ago. 
Apart from other things, it would be an 
expression of the nation’s determination 
to harness science and technology for 
national development. The Act could 
provide certain directives, and specify 
broadly powers and responsibilities of the 
agencies concerned with scientific research, 
and provide for a machinery for co¬ 
ordination and review of the national 
research effort. It is most desirable, and 
would be of great value, if a Science 
Report were submitted to Parliament 
every year and discussed in the House. 
The Science and Technology Act should 
ensure support, I do not need to say, to 
scientific societies and academies, and the 
Indian Science Congress Association. The 
Act might deal with certain aspects of 
environment and technology assessment. 
The Science Research Council and the 
National Environment Research Council 
have been established in the UK in 
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accordance with the provisions of the UK 
Science and Technology Act 1965 

Strengthening of Scientific Societies 

We have a large number of scientific 
societies in the country, a few active and 
others not quite in that category. Their 
perennial difficulty is lack of funds and 
facilities, even the very minimum that 
any scientific society should have for it to 
function. They find it extremely difficult 
to meet obligations for publication of 
journals, monographs, and technical 
literature, because of the rapidly rising 
publication costs and totally inadequate 
resources. The INSA is no exception 
This is a very disconce* ting situation The 
activisation of scientific societies and 
academies, and their publications, is of 
the utmost importance for growth of 
research and improvement in its quality. 
This would also benefit greatly science 
teaching, particularly at the post-graduate 
level. The involvement and participation 
of young scientists, and students, in 
activities of scientific societies should 
receive special emphasis The strengthening 
and development of scientific societies is 
a ma]or task and a challenge for the 
scientific community The INSA has a 
special obligation in this regard. 

In the context of the fundamentally new 
and far-reaching challenges and problems, 
deeply disturbing in some ways, which 
face society and science today, a (radical) 
reform of scientific societies and organisa¬ 
tions is essential. The need is urgent. The 
difficulties are immense and somewhat 
similar to those facing the Universities. 

University Research 

I mentioned the universities. And as we 
all know the prime need of our universities 
is support of research. This includes also 
the agricultural universities. Research in 
the universities has as yet not received the 
high national priority which it should for 
the country’s advancement. The output 
of university research is two-fold. It is 
new knowledge and new persons trained 
in research. University research is far 


more economical than comparable research 
in institutions divorced from teaching. In 
the universities research is done by staff 
and students jointly and the latter cost 
much less than full-time researchers. 
University research provides the base, the 
foundation, for the research effort of a 
country. If research within universities 
IS poor and neglected, research outside 
the universities cannot flourish for any 
length of time. It has been said that a 
research institution, no matter under what 
auspices, will seldom last a generation as 
a creative enterprise, if it has no continu¬ 
ing (effective) contacts with young research 
students This under-scores the central role 
of university research in national develop¬ 
ment, and the extreme importance of close 
links between universities and research 
institutions, including the national labo¬ 
ratories. 

In this context the recent case of Japan is 
of outstanding interest During the past 
decade the Japanese government spent on 
the state universities half of its total budget 
for research and development (The total 
R & D budget for 1972 was 374 million 
yen ) This greatly enlarged the capabilities 
of the universities for training of high 
quality scientists and engineers and to deal 
with new scientific developments relevant 
to the industrial growth of Japan As is 
well-known Japan’s per capita GNP rose 
from US $300 in 1958 to more than 5 
times by 1970, which shows a fantastic 
growth rate The GNP actually achieved 
in 1970 was three times the forecast made 
in 1960. The R and D policy of Japan 
is now undergoing a major shift in emphasis 
from economic growth to social welfare 
in the light (hindsight) of the adverse 
effects of unchecked industrial growth. 

The Fiftli Five-Year Plan 

The Fifth Five-Year Plan (1974-79) 
document recognises that in the past 
research in the universities, though crucial 
for national development and self-reliance, 
received only a “meagre support”. The 
Fifth Plan provides for an outlay (plan 
and non-plan) on Science and Teclmology 
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of fes 1,568 crores, as against Rs 376 crores 
in the Fourth Plan. The figures for the 
earlier plans are 1 = 20; 11 = 67; and 
111 = 131 crores. 

The total outlay envisaged for the Fifth 
Plan is Rs 53,411 crores. The GNP figures 
given in the document are: 1973-74= 
Rs 50,495 crores, 1978-79=Rs 68,130 
crores. The population estimates are: 
1971=547 million; 1974=581 milUon 
(41'4 per cent in 0-14 age group); 1979= 
637 million; 1984=686 million 

The S and T outlay is nearly 3 per cent 
of the total Fifth Plan. The distribution 
of Rs 1,568 crores among different sectors 


is shown in the following Table reproduced 
from the Plan document (Part II, p. 231). 

It is apparent that the universities do 
not at all receive the emphasis that they 
ought to. This is indeed unfortunate. It 
may be noted that of the total of Rs 54 
crores for R and D work in the universities 
and IIT’s (about Rs 9 crores for the 
IIT’s) an amount of Rs 20 crores “would 
be earmarked for the projects identified by 
the NCST (The National Committee on 
Science and Technology)”. It is not 
indicated how the NCST would discharge 
this responsibility. It is a matter which 
needs most careful deliberation if scarce 
resources are to be utihsed to best advant- 


Fifth Plan outlays on science and technology in different sectors 


Name of department 

Plan 

outlay 

(Rs 

Non-plan 

estimated 

in crores) 

Total 

(1) 

(2) 


Food & Agriculture 

125 00 

57 00 

182 00 

Irrigation 

38-00 

♦ 

38 00 

Power 

15-00 


15 00 

Heavy Industries 

70 00 

— 

70 00 

Steel 

20 00 

.—, 

20 00 

Mines 

69 00 

.— 

69-00 

Industrial Development 

25 00 

— 

25-00 

Petroleum 

16-00 

— 

16 00 

Chemicals 

15 00 

— 

15-00 

Electronics 

20-00 


20-00 

Commerce 

5 00 

— 

5-00 

Shipping 

10-00 

— 

10-00 

Transport 

9-00 

— 

9-00 

Atomic Energy (R&D) 

111-13 

125*30 

236-43 

Science & Technology 

109-98 

75*00 

184 98 

Council of Scientific & Industrial Research 

104-50 

150*30 

254-80 

Space 

90-00 

82*50 

172-50 

Supply (National Test House) 

2 50 

2*50 

5-00 

Health 

21-70 

* 

21 70 

Family Planning 

14-30 

* 

14-30 

Works & Housing 

23-75 

— 

23-75 

Education & Social Welfare—UGC & IITs 

54-00 

— 

54-00 

Anthropological Survey of India 

0-85 

2*33 

3 18 

Commumcation 

32-28 

4c 

32-28 

Railways 

— 

40*00 

40-00 

Meteorology (& Institutes) 

30-00 


30-00 

Civil Aviation 

0-80 


0-80 

Information & Broadcasting 

0-50 

— 

0-50 

Total 

1033-29 

534-93 

1568-22 


•Does not include non-plan outlay of R & D institutions in the Department. 
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age. It is proposed, according to plan 
document, to set up a Science and Engi¬ 
neering Research Council (SERG) “as an 
autonomous organisation sustained by the 
Department of Science and Technology 
where leading R and D organisations and 
UGG would be associated, the scheme 
would provide for multi-institution al and 
multi-disciplinary research in frontier 
areas of Science and Engineering”. The 
Department of Science and Technology 
would support, it is heartening to note, 
“the plan programmes of the following 
institutions, viz , Indian National Science 
Academy, Bose Institute, Indian Associa¬ 
tion for Cultivation of Science, Raman 
Research Institute, Birbal Sahm Institute 
of Palacohotany, Wadia Institute of 
Himalayan Geology, Indian Science Con¬ 
gress Association, Maharashtra Association 
for Cultivation of Science, Himalayan 
Zoological Park and Natural History 
Society.” 

I presume the list is not meant to be 
exhaustive, as several well-known pro¬ 
fessional societies are not mentioned 

Human Implications of Science 

In today’s world almost every aspect of 
life IS deeply influenced by—for good 
or bad—and dependent on science and 
technology. But not much is known and 
understood, and there is even less of public 
awareness, of the complex and dynamic 
interphase and interation between science, 
technology, and society. This is largely 
responsible for lack of a rational and 
coherent policy for technology develop¬ 
ment and its exploitation. It calls for 
research effort, on a massive scale, both 
nationally and internationally. 

No longer can science and humanism 
survive in isolation. Ignorance and dis¬ 
regard of human implications of scientific 
and technological innovation is not only a 
grave environmental hazard but it puts 
man’s very survival in jeopardy. As a 
classic case we may recall the interview 
between Niels Bohr and Churchill a few 
fateful months preceding the use of atomic 


bomb on Japan. As recorded in ‘Britain 
and Atomic Energy' 1939-45 (an official 
history, HMSO, London): “practically 
the whole of the time (of the interview) 
was consumed in argument on irrelevant 
points. Bohr was unable to bring the 
Prime Minister’s mind to bear on the 
implications of the bomb... .When he 
asked as he left if he might address a 
memorandum on the subject to Mr 
Churchill, the Prime Minister replied 
that he would always be honoured to 
receive a letter from Professor Bohr but 
hoped It would not be about politics. Bohr 
came away greatly disappointed at the 
way the world was apparently governed, 
with small points exercising a quite 
irrational influence “We did not speak 
the same language,” said Bohr afterwards. 
Churchill retained a very disagreeable 
memory of the interview”. 

Science is universal, ecumenical. All 
barners are alien to science. But the 
world IS tormented with divisions of all 
kinds Greed, fear, violence, poverty, 
pestilence and pollution are rampant 
everywhere In a world in which stock¬ 
piles of thermonuclear weapons, as also 
the number of nations holding them, is 
continuously on the increase, where Hydro¬ 
gen-bomb laden planes patrol the skies, 
and where inter-continental missiles are 
kept zeroed and ready to take off to 
pulverize skulls by the millions, it is no 
wonder that people feel frustrated. And 
the youth see no future before them. 
The world may not blow up in the near 
future, but who can tell? Who can assure 
hundreds of millions of men, women and 
children who want to lead peaceful, 
honest lives that they will not be reduced 
instantaneously to ashes, at some un¬ 
predictable moment. 

The yawning economic gap between the 
rich and the poor countries is rapidly 
increasing—it is all the more oppressive 
as there is generally little “cultural gap” 
between the rich and the poor nations. 
There is a desperate need to check the 
present uncontrolled and callous exploita- 
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tioix of technology and natural resources. 
If this continues unabated, with attendant 
gross disparities within and between 
nations, it can lead only to unmitigated 
disaster. On the other hand the future 
holds great promise if science is pursued 
with zest and dedication and technology 
is wisely used in the true interests of the 
community, and not for narrow sectional 
ends dedicated by selfishness and mistrust. 
The human use of Science and Technology 
is no easy goal. It demands vision, courage, 
and above all faith. The scientific com¬ 
munity has a major and pnmary role. 
A first imperative is to promote its varied 
aspects, at national and international 
levels, of the human implications of science 
and technology. 

Crisis of Spirit and Youth 

It cannot be denied that there is a deep 
anguish, an agony of the soul which 
afflicts thinking men today, particularly 
the youth. In a fundamental sense this 
crisis IS inherent in the nature of science 
itself Science has eroded, largely destroyed, 
the meaning and purpose which our 
ancestors assigned to the Universe. But 
it has provided no substitutes, nor pro¬ 
mises any. In fact the strength and power 
of science he in its total denial, inability 
to answer the question; What is the 
purpose of the Universe ? Why the 
Universe? Why men? 

Let me take an example. There is a severe 
drought, a famine in some area, or a 
manned spacecraft is in some mortal 
danger. Will prayers, earnest and heartfelt, 
be of any avail? 

The ‘official’ scientific answer would 
obviously be—I believe—‘No’ and rightly 
so. But what about the ‘personal’ views 
of scientists? Do none beheve in the value 
or efficacy of prayer? Would no ‘expert’ 
think of God when in serious trouble, 
illness or danger. 

Modern science makes the conclusion 
inevitable that in the operations of nature 
there is no place, no role whatsoever, for 


the supernatural. The reign of reason and 
logic is supreme. This is no simple, no 
obvious conclusion. It was not as all 
apparent in the days of Newton, and 
Akbar, not to think of earlier times. 

No considerations of purpose, divine or 
human, can enter the domain of objective 
science The exclusion is complete. Science 
IS objective, not subjective. If we ask, 
what purpose do the stars in the sky serve; 
the answer of astronomy is: “The stars 
serve no purpose whatever” In the realm 
of science any other answer is inadmissible; 
It would be absurd. To think of any purpose 
or goal—for the universe (or for an parts 
of It) it alien to science. It is incompatible 
with it. 

But, for the “I”, purpose (teleonomy) is 
everything, without it there is nothing. 
What IS the bridge, the connecting link, 
if any, between the objective science and 
the subjective “I”? How to resolve the 
flagrant contradiction between the “deter¬ 
minism” that science predicates and the 
“freedom of the will” which the “1” 
experiences In truth, we are no nearer 
to an understanding of the “mystery” 
than the insight and wisdom provided by 
the Upanishads. In this context, Erwin 
Schroedinger’s remarkable book ‘My View 
of the World’ (1961), is of deep interest. 
The recent development in quantum 
physics, cybernetics, and molecular bio¬ 
logy emphasize that—if anything—the 
mystery is far deeper than ever thought 
before. It is one thing to recognize that 
we have no “solution”, but altogether 
another thing to assert, as some people do, 
that there is no “real problem”, no 
“mystery” about the mind-brain relation¬ 
ship. The distinction is important. 
Otherwise there is a danger that science 
IS which toda)? mankind’s greatest intelle¬ 
ctual and fruitful enterprise may, in the 
end, smother man’s spirit instead of enlarg¬ 
ing and enriching it. 

There is a real need for a philosophy of 
human implications of science. To this 
India, in the years to come, could and 
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we hope would make distinct and endur¬ 
ing contributions. To understand the 
human implications of scientific advance, 
and to reflect that understanding in 
policies and programmes, it is to bring 
about a transition from science and techno¬ 
logy at the expense of man to science and 
technology for man* From non-humanistic 
to humanistic technology. This may 
perhaps appear a dream today, but then 
today’s dream is often the reality of 
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tomorrow. That is the most inspiring, un^ 
forgettable lesson of science. 

And in thinking of human implications 
of science, let us remember, in the light of 
modern knowledge, that a new-born 
child of any people is capable of imbibing 
any culture, if exposed to it early enough. 
Man is one “family”. Divisions are man¬ 
made and their overcoming is in man’s 
own hands 



SOME THOUGHTS ON TRUTH 

D S Kothari 

(delivered at New Delhi, 1975) 


It has been a great honour and privilege 
for me to serve the Academy as its president 
for two years. I am thankful to the Fellows 
of the Academy for their kindness and 
co-operation 

I apologise at the outset for my temerity 
and naivete in the choice of the subject: 
Some Thoughts on Truth. 

Recent developments in physics — I have 
particularly in mind the complementarity 
principle, and epistemological basis ofquan- 
tum mechanics — throw a new light on 
the notion of truth and reality, and of scienti¬ 
fic explanation. It has an important bear¬ 
ing on the cultural and spiritual crisis man 
faces today. The new trends have a highly 
suggestive resemblance to certain aspects 
of Indian philosophic thought. Erwin 
Schroedinger’s My View of the World 
(Cambridge University Press, 1964) and 
the introduction by von Weizascker to 
Gopi Krishna’s The Biological Basis of 
Religion and Genius (1973) immediatelv 
come to mind. All these are no sufRcient 
grounds to entitle me to speak on this 
subject. What I may plead in my favour 
is that if only truly knowledgeable people 
spoke and wrote—and none others—it 
would make communication dull and spell 
ruin for the publication industry. And 
more than that, I believe, it would 
adversely affect advancement of knowledge 
itself, especially scientific knowledge. We 
all know that experts by their training and 
inclination feel uneasy and fearful to ask 
questions which clash with prevaihng 
fashion and style of their disciplines 
(Most people over thirty are experts of one 
sort or another). Many problems despite 
their extreme significance and relevance 
tend to be ignored because these do not 
neatly fall into well established disciplines. 
Sometimes their very existence is doubted 


and denied by the “established” experts. 
A novice also has a role. 

Science is the search for truth. The practical 
value of science has been astonishingly 
great, beyond all expectations. A selfless, 
unfaltering devotion to truth and the use 
of knowledge for man’s upliftment are the 
ideals of a scientist. Truth is what all 
earnest scientists seek. But what is trulh'^ 
What is true knowledge? Is there an 
objective criterion of truths Are there no 
real truths except mathematical, and 
possiblv scientific? What about ethical 
truths? Is not pursuit of science itself a 
moral commitment, an ethical truth, not 
derivable from science^ Are not scientific 
truths and ethical truths complementary^ 
We cannot derive from science why some 
people love science, or why there should 
be science at all. Are there any absolute 
truths or are all truths relative'^ Are these 
meaningful questions or otherwise ^ Is 
it possible to define truth precisely, at 
least in the domain of mathematics^ An 
elucidation of some of these questions, 
especially the last one, is a major achieve¬ 
ment of our century and one of the 
greatest in the entire history of man. 

What is Truth? 

What is truth? I take a dictionary, say, 
The Little Oxford Dictionary, and look up 
the word ‘truth’. I find that: “truth= being 
true; loyalty, accuracy, integrity, etc; 
that which is true, true statement, 
‘account’, belief, etc; reality fact”. I 
now look up the words ‘loyalty’, ‘accuracy’, 
and all the rest that are supposed to give 
the meaning of the word truth— (For 
example: reality'=real existence; and 
existence=fact and fact=what is true). 
A dictionary can only tell me what “truth” 
is, if I know what “reality” is; and I 
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know what “reality” is, if I know what 
“existence” is; and I know what is ‘ exis¬ 
tence” if I know what is “fact”; and I 
know what fact is, if I know what “truth” 
is. We are back at the starting point A 
dictionary is of no avail for definition of 
truth, or as a matter of that of anything. 

There are many things which most people 
know nothing about, but there can be 
no person, never was, or ever will be, who 
has no notion of truth. We know intuitively 
the distinction between truth and untruth, 
at any rate in most cases. But intuitive 
concepts can lead to logical contradictions 
The atomic concept provides an example 
of profound historial significance So long 
as It is an intuitive concept—that is, an 
atom is pictured as an extremely small 
ball—the atom can be imagined to be 
divisible into parts, and those into still 
smaller parts, and so on till its elements 
vanish into “nothingness”. There is no 
escape from this logical contradiction 
The atomic concept was rejected by the 
Vedantic and Buddhist thinkers (notably 
Nagarjuna) The way out of the difficulty 
has proved to be totally unexpected. It 
has taken more than two thousand years 
The discovery of the quantum of action 
has shown that the atomic concept is not 
intuitive—an atom is not a ''small ball” An 
atom is both indivisible and divisible, and 
it involves no contradiction because of the 
non-intuitive nature of the concept The 
“antinomy of the liar” is another 
well-known example. 

Suppose a person makes a statement: “I 
do not have courage to speak truth”. This 
IS an innocent way of saying “I am a 
liar”. You may be inclined (I do not 
know) to accept this statement as true 
(call it S) . If you do, then you are admitting 
that the person has courage to speak truth. 
This means that S is false. So if you assume 
that S is true the conclusion is that S is 
false. And if you assume that S is false, 
then you are admitting that the person 
has courage to speak truth; and hence S, 
the statement made by him is true. The 


same statement S cannot be both true and 
false. 

Take another example. Suppose a person 
says, "X exists”. Its negative is "X does 
not exist”. The two statements are con¬ 
tradictory. Suppose he says “I do not 
exist”. If I accept this to be true, I must 
conclude that the person exists, otherwise 
how could he make the statement? To 
say “I do not exist” is to assert “I exist”. 
To deny one’s own existence is only to 
affirm it A person cannot experience his 
own mortality. Consciousness cannot experience 
its own coming into being (birth) nor its own 
extinction That is totally impossible 

The origin of the logical contradiction in 
these examples is selj-reference. If we say 
that a sentence "S” is true, and if "S” 
itself contains the word “truth”, we are 
obviously in for a vicious circle, an 
antinomy In the second example the 
paradox arises because the notion of “I” 
includes necessarily the notion of existence. 

Suppose I say “1 do not have courage to 
put my hands into hot water”. No contra¬ 
diction arises if you assume this to be true 
This IS unlike the case when I say “I do 
not have courage to speak truth”. On 
the other hand there is an inherent con¬ 
tradiction, because of self-reference, in the 
following two statements; 

The sentence below is true 
The sentence above is not true. 

Call the first sentence Si and the second 
S^. If I assume Si to be true, I must accept 
iSj to be true, which says that Si is false. 
If I assume Si is false, then S 2 is false: 
therefore Si is true. We cannot get out of 
the contradiction. Si is both true and false. 

[A well-known example is Richard’s 
antinomy, formulated by J. Richard in 
1905. Consider the sequence of expressions 

Wi, W 2 . which define all possible 

properties of integers. Then for a given 
integer n, either n has the property repre¬ 
sented by Wp, or it does not have the 
property. We write symbolically (f^) — 
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+1 for the first case and — 1 

in the second case. Now the expression 
lfV„frtJ= —1] defines property of integer 
n, and so it must be represented by some 
fV in the sequence (....) Suppose 
it IS Wg. Then for every n for which W„ 
(n)~ —I, we have by definition of Wg, 
Wg(n) = ^\. Put n^q and there arises 
the contradiction Wg(q) = — \ and Wg(q) 
= +!•] 

A logical definition of truth is confronted 
by the antinomy of the liar A way out 
of this fundamental difficulty we owe 
mainly to Tarski [A. Tarski; Logic, 
Semantics, Metamathematic9, Oxford (1956); 
Sclent. Am., June (1969)]. The starting 
point is an analysis of the basic features 
of Common or natural languages The 
characteristic of common language is its 
universality—^its unlimited competence in 
giving expression to our ideas. Basic to 
definition of truth is the concept of a 
“formalized language”, that is, language 
restricted to a precise specified vacabulary 
and rules of syntax. We can regard the 
language of a standard text book of science 
as an example of “formalized language”. 
The notion of truth can be precisely defined 
for “formalized languages”, but only by 
explicitly recogmzing that no such defini¬ 
tion can be constructed for common 
languages. A consequence of this is that 
there must exist meaningful statements 
which though unprovable are nevertheless 
true. Truth and proof are not equivalent 
(even in mathematics). That is an amazing 
development, not at all easy to 
comprehend. 

Mathematical Truths 

How do we know that the three angles 
of a triangle add up to exactly two right 
angles! Physical measurements on actual 
triangles can only tell us that the statement 
is true approximately—^within the limits 
of observational errors. We cannot elimi¬ 
nate observational errors altogether. That 
is impossible. If we use a straight ruler to 
draw a straight line, how do we know 
^at the straight ruler is straight. Compare 
it with another. But is the comparison ruler 


straight? Why not use rays of light to 
form a triangle, its three sides made of 
three intersecting light rays? But the 
question still remains. How do we know 
that light travels in straight lines? If 
the space itself is “curved”, as it probably 
is on a cosmological scale, then for a 
triangle on the cosmological scale the 
sum of Its observed angles will not be two 
right angles. [It appears that the observed 
angle subtended by a “rigid rod” instead 
of decreasing linearly with distance, tends 
to increase for distances exceeding red 
shifts larger than A/Aor^2] 

The simple fact is that no measurement, 
no experiment or observation what soever, 
is possible without a relevant theoretical 
framework. 

No Theory, No Experiment 

An experiment is a test of its underlying 
theory An experiment is designed to text 
some specific theoretical result or predic¬ 
tion, and if the experimental result dis¬ 
agrees with the theory, it is a call to 
improve the theory. Improvement of 
theory is a continuing process resulting 
from a systematic continuing confronta¬ 
tion with experiment A radical improve¬ 
ment often comes from incorporating new 
mathematical ideas—the new mathemati¬ 
cal ideas may themselves have been 
encouraged by experimental developments. 
But often there is a big time lag between 
discovery of new mathematical ideas and 
their meaningful incorporation in scienti¬ 
fic theories Mathematical truths as regards 
their validity or “reality” are completely 
independent of experience. 

A mathematical theory or discipline, say 
Euclid’s geometry or analytical dynamics, 
starts with a small number of axioms and 
undefined terms The truth of the axioms 
and the meaning of undefined terms is 
assumed to be known intuitively. It is not 
open to question or investigation within 
the framework of that theory. The deve¬ 
lopment of the theory consists in proving 
new theorems on the basis of the axioms, 
aud theorems already proved. There are 
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no prescribed methods of proof nor 
precisely defined criteria. Proofs are 
acceptable so long as the arguments used 
are self-evident, that is, intuitively con¬ 
vincing. The new theorems, unless trivial, 
are of course first “discovered” and then 
proved. Discovery is an inspired guess, a 
flash of insight. It is not a step by step 
process, but a sort of quantum jump of a 
well-prepared imagination. A rational 
account of a discovery, the proof, follows 
and not precedes the discovery (as every 
research worker knows). 

Godel and Tarski: Proof and Truth 

not Equivalent 

The notion of proof is as old as 
mathematics but, what is called formal 
proof is a comparatively recent develop¬ 
ment. A formal proof makes no use of 
intuitive arguments howsoever convincing 
these may appear to be It uses only a 
small fixed number of “rules of proof” 
(rules of inference), so simple in content 
as to be self-evident. A formalized theory 
depends only on its prescnbed set of 
undefined terms, axioms, and rules of 
proof. It is a remarkable achievement of 
modern mathematics that intuitive argu¬ 
ments which over the last 2500 years have 
led to great discoveries can be replaced in 
most cases by formal proofs It is not always 
necessary to do so It can be left to a small 
band of mathematically gifted logicians; 
the rest can carry on effectively, as they 
do, making new discoveries, with intuitive 
arguments. 

The development of the new notion of 
formal proof has led to a totally unexpected 
discovery. It is so profound and novel that 
its significance, mathematical and philoso¬ 
phical, would take a long time to be 
generally appreciated. K Godel (1931) 
demonstrated, as is well-known, that any 
non-trivial formalized mathematical 
system, e.g., Theory of Numbers, must 
necessarily be incorriplete. In other words 
within the system there must exist mathe¬ 
matical statements which can neither be 
proved nor disproved. The system must 
contain undecidable statements We cannot 


get over this situation by including the 
undecidable statements in the set of axioms 
of the system The modified system will 
still contain new undecidable statements, 
different from those of the original system. 
Undecidable statement, is an inevitable 
accompaniment, ingredient, of every non¬ 
trivial mathematical scheme. 

Take the celebrated Fermat’s statement. 
For integers x, y, z, and n, the equation 
x"fy^=z” has no solution, for n greater 
than 2. No one yet knows whether this is 
provable or undecidable What Godel’s 
theorem asserts is that the Number Theory 
necessarily contains undecidable propositions. 
But it is most unlikely that a specific 
meaningful example could be identified. 

We have considered the notion oi formal 
proof and the profound consequences 
following from it. What about the notion 
of logical truth, that is, what is the definition 
of “true sentences” ? This is a very abstract 
and intricate subject We have to distin¬ 
guish, as mentioned earlier, between for¬ 
malized language (or object-language) 
and the richer (meta-language) which 
contains the formalized language The 
conclusion reached by Tarski is (Logic, 
Semantics, Metamathematics p 273). 

“F'or every formalized language a formally 
correct and materially adequate definition of 
true sentence can be constructed in the metalangu¬ 
age with the help only of general logical expres¬ 
sions, of expression of the language itself, and 
of terms from the morphology of language—but 
under the condition that the metalanguage 
possesses a higher order than the language winch 
IS the object of investigation 

If the order of the metalanguage is at most 
equal to that of the language itself, such a 
definition cannot be constructed”. 

The notion of proof can be translated into 
formalized or object-language. On the 
other hand, the notion of truth cannot be 
so reduced. It lies outside the “object- 
language”. It belongs to the “meta¬ 
language” (or common language). AH 
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provable statements are true statements. 
But the converse is not true. Every forma¬ 
lized system worth its name must contain 
statements which are true but not provable 
within the framework of the system. 

The a priori notion of truth helps us to 
make fruitful choice of axioms and rules 
of proof for a formalized system. It serves 
as a valuable and inspiring (but not un¬ 
failing) guide for development of 
mathematics As Tarski observes: ‘"There 
IS no conflict between the notions of 
truth and proof in the development of 
mathematics, the two notions are not at 
war but live in peaceful coexistence” 
\Saent. Am, June 1969]. 

It is apparent from the foregoing discussion 
that a formal, analytical treatment of 
intuitive concepts can lead to unexpected 
results. The distinction between proof 
and truth is probably the most significant 
achievement. To mention another striking 
example, the concept of area (on curved 
surface) and of volume comes to mind 
About forty years ago, A Tarski and S 
Banach showed that if we discard intuitive 
(geometrical) ideas of volume, and seek 
to define the concept in terms of the 
abstract measure theory, the result is unbeli¬ 
evably strange, through mathematically 
indisputable. 

To quote from E Kasner and J Newman, 
Mathematics and the Imagination, G Bell and 
Sons, London, 1961, p 207: “There is 
a way of dividing a sphere as large as the 
sun into separate parts so that no two parts will 
have ary point in common, and yet without 
compressing or distorting any part, the whole 
sum may at one time fitted snugly into one’s 
vest pocket. Furthermore the pea may have 
its component parts so rearranged that 
without expansion or distortion, no two 
parts having any points in common they 
will fill the entire universe solidly, no vacant 
space remaining either in the interior of the 
pea, or in the “universe”. And they continue: 
“Surely no fairy tale.... can match this 
theorem of hard, mathematical logic. 
Although the theorems of Hausdorff, 


Banach, and Tarski cannot, at the present 
time, be put of any practical use... .they 
stand as a magnificent challenge to ima¬ 
gination and as tribute to mathematical 
conception ” 

To ask the question whether the theorems 
of Hausdorff, Banach, and Tarski are 
true, IS no different from asking the 
question whether it is true that the sum 
of the three angles of a plane triangle 
equals two right angles^ The answer is 
identical in the two cases. The theorems are 
true. And this irrespective of the fact that 
the one appears so obvious and the other 
so incomprehensible. The highly abstract 
HBT theorems express mathematical 
truths, which, how so counter to common 
sense these may seem, are nonetheless 
incontrovertible in the “world of thought”. 
But this is not to imply that there corres¬ 
ponds to these theorems a physical reahty, 
that is, these have a physical application 
But if past expenence is a guide, deep 
mathematical ideas sooner or later turn 
out to be relevant to our understanding 
of the natural world (May be, the eluci¬ 
dation of the singularities attending gra¬ 
vitational collapse call for the HBT 
concepts- We do not know). The question 
whether a mathematical truth has a 
physical or scientific relevance is a question 
not in mathematics but outside it. It is 
a question that belongs ultimately to 
experience—to experimental science. It can¬ 
not be decided by intuition and reason 
only It requires an appeal to experience, 
to sensory knowledge. The distinction 
between mathematical truths and scientific 
truths IS crucial The basis of one is reason, 
of the other experience The two, of course 
do not function m isolation from one 
another. But the two are different re¬ 
minding us of, and related to, the difference 
between mind and matter. Mind can con¬ 
ceive spaces of any number of dimensions 
(and with different types of matrices), but 
it is experience of the exterior world 
which leads us to conceive physical space 
as three dimensional. 

The roots of primitive experience— 
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concepts such as proximity, identity, 
truth—^are possibly embedded in the 
genes. A new bom child has from the 
very moment of birth considerable, sur¬ 
prising competence to deal with the 
world around him, as shown by some 
recent studies in child development. A 
child IS born as an extremely competent 
individual The competency has been 
acquired through the biological evolu¬ 
tionary process of our species extending 
over millions of years. We may say in 
a manner of speaking that every child is 
born with certain truths, the basis of its 
competencies, engraved within it. These 
truths are as much an expression of the 
genes as is the body 

As atoms are prior to genes so also we 
should regard mathematical truths as 
prior to evolution. James Jeans in a 
famous lecture many years ago declared 
God to be a pure mathematician. Of 
great interest are the observations of M 
Delbruck on the a prion aspect of the 
concept of truth in mathematics with its 
far-reaching consequences. To quote Del¬ 
bruck [Nobel Prize Address (1969): A 
Physicist’s Renewed Look at Biology, 20 years 
laterj. 

“Thus even if we learn to speak about consciousness 
as an emergent property of nerve nets, even if we 
learn to understand the processes that lead to 
abstraction, reasoning, and language, still any such 
development presupposes a notion of truth that is 
prior to all these efforts and that cannot be conceived 
as an emergent property of it, an emergent property 
of a biological evolution Our conviction of the 
truth of the sentence, “The number of prime 
numbers is infinite”, must be independent of nerve 
nets and of evolution, if truth is to be a meaningful 
world at all”, 

A machine like a computer “knows” 
proof hut not truth (as distinct from proof). 
Its “language” is “object language” and 
not natural language It is possible that 
the mystery of truth is embedded in the mystery 
of time itself 

Theories in Science 

We spoke about truth in logic and mathe¬ 
matics, In natural science, as described 


earlier, a theory or explanation is always 
tentative, waiting to be replaced by an 
improved, more comprehensive theory. 
The only way a successful theory can 
contribute to further advancement of 
knowledge is to suggest new problems and 
experiments which provide new tests for 
the theory. Failure of a theory is frustrat¬ 
ing and painful for its authors; but it is 
failure, and not success, which leads to 
improvement of existing theories All this 
is now common scientific philosophy, 
thanks to the epochal contribution of 
Karl Popper. His famous formula 
(Pi-^TT-^EE-^Pf) expresses the quintes¬ 
sence of the method of science. Here 
stands for problems which serve to test 
the theory; the testing of the theory is 
symbolized by TT. The testing leads to 
elimination of errors (EE) in the theory. 
The improved theory suggests new prob¬ 
lems Pg,' and the process repeats itself, 
A Scientific theory is always provisional. It 
is guide to further development, to its 
own replacement. 

It is apparent that there is, nothing like 
a “true theory” That represents an ideal 
a limit that can never be attained. The 
road to a “true theoiy” is an unending 
one It IS an endless quest The notion of 
“true theory” serves as a motivation for 
continuing improvement It functions as 
a true ideal, inspiring but unattainable. 

Syadvada Logic 

At this point I should like to say a few 
words about the logic of Syadvada, also 
called anekantavada or astinasti vada {Syad 
means “may be”). This was formulated 
by Jain thinkers more than two thousand 
years ago. It is the logic of complementarity 
per excellence. It should be of great 
interest, both scientific and ethical, in the 
modem context Its relevance to statistical 
concepts has been discussed by P C 
Mahalanobis and J B S Haldane (Sankhya, 
May 1957), 

According to the Syadvada scheme every 
fact of reality must be described in seven 
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ways. T'hese are combinations of affirma¬ 
tion and negation* 

(1) Existence, (2) Non-existence, (3) 
Occurrence (successive) of Existence and 
Non-existence, (4) Inexpressibility or In¬ 
determinateness, (5) Inexpressibility as 
qualified by Existence, (6) Inexpressibility 
as qualified by Non-existence, and (7) 
Inexpressibility as qualified by both Exist¬ 
ence and Non-existence. 

Syadvada asserts that knowledge of reahty 
is possible only by denying the absolutistic 
attitude. 

We may notice that the superposition 
principle of quantum mechanics provides 
an illuminating example of the Syadvada 
mode of description Let Kets /a'> and 
/a''> be the different eigenstates of an 
observable a for a quantum mechanical 
system. Let P>=/a'>-f/a, we have the 
Syadvada mode of description* 

(1) System is in state /a'> 

(2) System is not in state /a'>, but in 

lar> 

(3) System is both in state ja > and /a" > 
represented by the nuxture la'Xa'j 
+K><a7 

(4) System is in an inexpressible state 
represented by /P>=/a'>-l-/a"> 

(5) System is in an inexpressible state and 
in state (1), represented by 
/a'><a7+/P><P/ 

(6) System is in an inexpressible state and 
in state (2), represented by 
la'XoTj+IFx?! 

(7) System is in an inexpressible state and 
in (3), represented by 

/o'>< o7-1-K >< a'VP >< P 

Syadvada asserts that a thing is “A”, and it 
is also “not A” and both “A and not 
A”, and so on. It is an exhortation to investi¬ 
gate reahty from all different possible vieiw- 
points. It is not a doctrine of indifference 
or passive acceptance of statements and 
also their negative. It is just the contrary. 
It demands our ascertaining the condi¬ 
tions, the coordinate frames as it were, 


under which a thing is “A”, the (different) 
conditions under which it is “not A”, 
conditions under which it can be both “A” 
and “non-A” and so on. 

An oft-quoted illustration of Syadvada is 
the dialogue between Mahavira and his 
favourite disciple Gautama [Nathumal 
Tatia, Studies in Jama Philosophy (1951), 
22-23j 

‘Are the souls, O Lord! eternal or non¬ 
eternal ? 

The souls, O Gautama! are eternal in 
some respect and non-eternal in some 
respect 

With what end in view, O Lord! is it said 
that the souls are eternal in some respect 
and non-eternal in some respect? 

They are eternal! O Gautama, from the 
view-point of substance, and non-eternal 
from the view-point of modes And with 
this in view it is said, O Gautama! that 
the souls are eternal in some respect and 
non-eternal in some respect 

Is the body, O Lord' (identical with) the 
soul or is the body different from it? 

The body, O Gautama! is (identical with) 
the soul as well as it is different from it.'’ 

Unlike Syadvada, in Aristotelean logic a 
thing IS either “A” or it is “not A”. It 
cannot be both “A” and “not A” at the 
same time. Here the mam concern is an 
examination of a thing from one particular 
standpoint, and not from all different 
standpoints A Jain logician may contend 
that this IS a meaningless effort Any 
meaningful examination involves more 
than one standpoint A thing can never 
be examined twice from an identical stand¬ 
point, for, if nothing else, at least the two 
instants of observation are different. 
Nothing is exactly repeatable But in 
asserting this, we ignore the fact that 
differences between relevant aspects of the 
two (different) situations may be so small 
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as to be negligible in practice. Repeatability 
is the essence of scientific observation It is 
possible to think, but I am not competent 
to judge, that the Syadvada logic did not 
particulaily encourage quantitative ob¬ 
servation Its emphasis was on philosophic 
enquiry. 

[Reference to Aristotle’s logic brings to mind the 
4 X 4 X 4=64 moods of syllogisms (Every syllogism 
consists of three propositions). Of these 64 moods 
only 24 represent true syllogisms, [e g., Jan Luk¬ 
asiewicz, Elements of Mathematical Logic (1963)]. 
There is here a curious coincidence (numerological) 
with the genetic code The code has three “letteis”, 
each letter representing one of four nucleotides. 
The 4x4x4=64 possible combinations generate 
20 amino acids. Adding the three ‘nonsense’ triplets 
the number is 23 ] 

Ethical Truths: Gandhi’s 
“Experiments” 

I said earlier that scientific truths and 
ethical truths are not contradictory but 
complementary There can be no science 
without ethics and an ethical society 
Equally, in the modern world there can 
be no ethics without science It seems that 
the most significant ethical lesson of science 
is that “experimentation” in ethics is as 
necessary for its development, its practice 
and philosophy, as it is for progress of 
natural science. And the method of ethical 
“experimentation” is Ahimsa 

Mahatma Gandhi gave to his autobio¬ 
graphy the title. The Story of My Experi¬ 
ments with Truth He wrote (in 1926) 
“What I want to achieve—what I have 
been striving and pining to achieve these 
thirty years—is self-realisation, to see God 
face to face, to attain Moksha (salvation). 
I live and move and have my being in 
pursuit of this goal”. The experiments 
which he narrates “are spiritual, or rather 
moral; for the essence of religion is mora¬ 
lity”. And he says: “I claim for them 
nothing more than does a scientist...! 
have gone through deep self-introspection, 
searched myself through and through, 
and examined and analyzed every psycho¬ 
logical situation. Yet I am far from claim¬ 
ing any finality or infallibility about my 
conclusions. One claim I do indeed make 


and it is this. For me they appear to be 
absolutely correct, and seem for the time 
being to be final.. And so long as my 
acts satisfy my reason and my heart, I 
must firmly adhere to my original con¬ 
clusions”. 

In the concluding chapter of the auto¬ 
biography Gandhiji says' “My uniform 
experience has convinced me that there is 
no other God than Truth...and. the 
only means for the realisation of Truth 
is Ahimsa... After all, however sincere 
my strivings after Ahimsa may have been 
they have still been imperfect and in¬ 
adequate . But this much I can say with 
assurance, as a result of all my experience, 
that a perfect vision of truth can only 
follow a complete realisation of Ahimsa”. 
And he continues ‘T must reduce myself 
to zero. So long as a man does not of his 
own free will put himself last among his 
fellow creatures, there is no salvation for 
him. Ahimsa is the farthest limit of 
humility” 

There is a chapter with the title, Face to 
Face with Ahimsa This refers to the first 
Salyagraha in India initiated by Gandhiji 
after twenty one years of “preparation” 
in South Africa Writes Gandhiji about 
his meeting, early in 1917, with the indigo 
cultivators at Champaran (Bihar) “It is 
no exaggeration, but the literal truth, to 
say that in this meeting with the peasants 
I was face to face with God, Ahimsa and 
Truth”. 

Ahimsa is pure selfless love for every 
human being, and indeed for every living 
creature It is non-inj'ury in mind, word and 
deed. Action which does violence to one’s 
conscience, to the little voice within the 
inner voice, is a departure from Ahimsa. 
[To kill an animal for sport is a greater 
fall from Ahimsa than to kill for food]. 
Ahimsa is a moral concept essentially. 

In the pursuit of Ahimsa the importance 
of Syadvada has been emphasised by 
Gandhiji. He says: “[But] all my life 
through, the very insistence on truth taught 
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me to appreciate the beauty of compro¬ 
mise I saw in later life that this spirit was 
an essential part of Satyagraha”. 

. .Without Ahimsa it is not possible to 
seek and find truth .. As a coward, which 
I was for year^., I harboured violence I 
began to prize non-violence only when 
I began to shed cowardice. The path of 
true non-violence requires much more 
courage than violence'’, says Gandhiji. 

Gandhiji’s experiments are spiritual, ethical 
experiments. The underlying basis of 
morality is self-control or self-conquest 
through self-suffering “Liberation from 
the bondage of the self constituted the 
only way towards a more satisfactory 
society”, observed Einstein It is generally 
recognised that ethical truths have little 
meaning if there be no self (mind or soul) 
as distinct from the physical body To say 
this is not to imply that the individual self 
physically survives dissolution of the body 
(.. .it is morally necessary to assume the 
existence of God”, observed Kant.) 

The feeling or demand within every indivi¬ 
dual to discover one’s Swadharma or duty, 
one’s purpose in life—how so much this 
demand may wane temporarily—must 
be recognised as a fact of experience, a 
truth The discovery of Swadharma is greatly 
helped by knowledge and reasoning but 
ultimately, it transcends reason Reason 
and therefore science, cannot provide 
answer to the questions To what end? 
To what purpose? It can only lead to an 
infinite regress. 

Science is Objective; Science is not 

Enough 

The attitude towards science of the great 
pioneers of the scientific revolution— 
Galileo, Kepler, Newton—was that to do 
science was akin to rendering divine 
service. The Holy Bible was the First 
Book of God. The Second Book of God 
was Nature. This Book was written in 
the language of mathematics. To decipher 
this Book was to worship G&d. Newton 
says in the Principia (Book III) that the 
“beautiful system of the sun, planets and 


comets could not be born from mere 
mechanical causes” It could only proceed 
from “the counsel and dominion of an 
intelligent and powerful Being”. Newton 
believed that God would have to intervene 
from time to time to maintain stability of 
the solar system [It was Laplace, who a 
hundred years later demonstrated, avail¬ 
ing of developments of mathematical ideas 
and techniques, that such divine inter¬ 
vention was unnecessary]. But despite all 
this, it was Newton’s Pnnctpia which laid 
the foundation for the autonomy of science 
He says “He (God) is omnipresent not 
virtually only, but also substantively; for 
virtue cannot subsist without substance. 
In him are all things contained and moved, 
yet neither affects the other: God suffers 
nothing from the motion of bodies, bodies 
find no resistance from the omnipresence 
of God It is allowed by all that the 
Supreme God exists necessarily; and by 
the same necessity he exists always and 
eveiywheye” The crucial assumption that 
“God suffers nothing from the motion of 
bodies; bodies find no resistance from the 
omnipresence of God”, was a declaration 
of ohjectivisatwn of natural science. 

The gradual elimination of the super¬ 
natural and occult from explanations of 
natural phenomena was greatly encour¬ 
aged, in the earlv stages, by the striking 
success of mechanical laws to account 
accurately for the motions of the planets, 
moon, and comets. 

Today we take objectivity of science as 
synonymous with science itself The reign 
of reason is supreme in science, [We are, of 
course, thinking of science as such, and not 
its apphcations which often time are totally 
devoid of reason.] Whenever there is a 
discrepancy between theory and experi¬ 
ment, we seek to modify the theory, 
and not attribute the discrepancy to any 
supernatural cause or agency. And the 
domain of science is continually expanding, 
extremely rapidly, as we all know. Yester¬ 
day it took the atom within its folds. To¬ 
day it is the gene, the sub-atomic particles, 
and galaxies situated at the very limits 



CS ItOTHARl 


381 


of the Universe. Tomorrow it may be the 
brain; and what not! It seems as if auto¬ 
nomous science will soon—some day— 
encompass, and engulf, everything But what 
about the psyche;, the “I”? 

In a scientific description of nature (in¬ 
cluding man) there is no place for: “To 
what purpose”? To what end or goals? 
Astronomy tells us much about the stars, 
but to the question “What purpose do 
the stars serve?” Its only answer can be 
“No purpose whatever”. Any other answer 
within astronomy, within natural science, 
would be absurd. 

The exclusion from natural science of 
subjectivity, that is “1”, is total Within 
the strict confines of natural science there 
IS no place for self, moral truths, love, beauty 
and God. 

The basis and strength of science is its 
objectivity Science is alien to purposes 
and goals It admits no arguments which 
smack of any teleonomy Yet the very 
pursuit of science—choice to devote one’s 
life to science and not to something else— 
IS a moral decision Science is objective, 
but love (or hate) of science is subjective 
Science is causal It is deterministic But 
to the individual freedom of choice is a 
fundamental fact of direct personal experi¬ 
ence. As H Poincare’ said' “It is just as 
impossible not to act as a free man when 
we act than it is not to reason as a deter- 
minist when doing scientific work... We 
can hope that. ..to infinite intelhgence 
the two attitudes.. .would seem equally 
legitimate...” 

The objective world of science and the 
subjective world of personal experience 
appear as two entirely different worlds. 

The world of science has “room for every¬ 
thing, but none for man” (A Koyre). 
This is deeply frustrating. It is agonizing. 
People carried away by the overwhelming 
success of science, or rather technology, 
tend to believe that what is not in science is 
not there at all: it does not exist. 


And yet the crisis is of our own making. 
It is a result of our own “forgetfulness”. 
The objectivity of science is secured by 
excluding from its domain all subjectivity. 
That is the definition of the methodology 
of science. The exclusion of the “I” from 
science is the convenant between science 
and “I”. The roots of the present crisis of 
(Western) man he in wrongly conceiving 
that what cannot be described by science— 
what is not within the perimeters of science 
—is necessarily contradictory to science 
(and therefore non-existent). It is a mis¬ 
placed case of the domination of Western 
mind by Aristotlean logic 

What we need to recognize is that reality 
has not one facet but many. Science is one 
facet The different aspects of reality are 
complementary to one anothei, and not 
contradictory. This approach is chaiac- 
teristic of the Vedantic thought. Let me 
quote Erwin Schroedinger from his great 
little book. What is life? (1944) 

“So let us see whethei we cannot draw the conect. 
non-contradictoi y conclusion from the following 
two picmises: 

(0 My body functions as a pure mechanism accord¬ 
ing to the Laws of Natuie 
(«) Yet I know, by incontiocei iible diiect 
expellence, that I am directing its motions, of 
which I foiesee the effects, that mav be fateful 
and all-important, in which case 1 feel and 
take full lesponsibility foi them. 

The only possible inference from these two facts 
is, I think, that I—1 in the widest meaning of the 
word, that is to say, every conscious mind that has 
ever said or felt T’ —am the person, if any, who 
controls the ‘motion of the atoms’ according to the 
“Laws of Nature”. 

“In Itself, the insight is not new The earliest records 
to my knowledge date back some 2,500 years or 
more. From the early great Upanishads the recog¬ 
nition Athman=Brahman (the peisonal self equals 
the omnipresent, all-comprehending eternal self) 
was in Indian thought considered, far from being 
blasphemous, to represent the quintessense of the 
deepest insight into the happemngs of the world. 
The striving of all the scholars of Vedanta was, 
after having learnt to pronounce with their bps, 
really to assimilate in their minds this grandest of all 
thoughts.” 

To disregard the complementarity of 
scientific and ethical truths—the comple- 
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mentarity of matter and mind, of body and 
soul—can lead only to de-personalization 
and de-humanization of life. The highest 
type of scientific activity is not possible 
without a supreme faith in science and in 
man. This is a moral quality. There is no 
inherent contradiction in the same person 
being an intellectual giant and a spiritual 
pigmy, but in real life it is most unhkely. 
When asked (during a serious illness) 
whether he was at all afraid of death, 
Einstein said: “I feel such a sense of 
sohdanty with all living things that it does 
not matter to me where the individual 
begins and ends”. And he said, “There 
is nothing in the world which I could not 
dispense with at a moment’s notice”. How 
close to Gandhi are the ethical convictions 
of Einstein! He regarded Gandhi as “the 
greatest man of the age”. 

The most significant lesson we can learn 
from the marvellous developments in 
atomic physics in our century is not to be 
misled by apparent contradictions, but try 
to understand the complementarities 
underlying them. The great lesson we owe 
primarily to Niels Bohr is that we must 
learn to take the complementarity ap¬ 
proach seriously not only m science but 
in life. And the philosophy of comple¬ 
mentarity is essentially the philosophy of 
Syadvada and of the Upanishads. 

It is time I said something about comple¬ 
mentarity itself. I have used the word 
frequently. I must admit I have not used 
it consistently It is because the concept is 
not an easy one; it is entirely novel at 
any rate in the modern context; and my 
thoughts are not clear. That makes the 
subject interesting, but also irritating (not 
only to others but to me equally). 

In speaking of the complementarity of two 
aspects or viewpoints, an important ele¬ 
ment is that the situations under which 
the two aspects occur are different in some 
essential respects. Complementarity of the 
two aspects imphes some irreducible ele¬ 
ment^ of incompatibility between them. 
This is necessary. 


The complementarity principle has 
emerged, in the modern context, from the 
study of atomic phenomena. The comple¬ 
mentarity of the wave and particle aspects 
of matter is well-known. The two aspects 
are incompatible. An experiment which 
demonstrates the wave aspect would auto¬ 
matically exclude demonstration of the 
particle aspect; and vice-versa. Why so? 
It arises from an interaction, inherent in the 
nature of thing between a system and the 
measuring instrument The interaction 
cannot be eliminated even under ideal 
conditions. It cannot be reduced below a 
certain minimum limit, defined by the 
Plancks’s constant, for any conceivable 
experiment—or “thought experiment”. 
The interaction disturbs the state of the 
system under observation. An experiment 
which provides some information about an 
atomic system, inevitably destroys (in 
general) some other information which we 
had about the system from an earher 
experiment on the system. We caimot 
accumulate information indefinitely, 
because of an unavoidable interaction 
between the system and the measuring 
device, and the accompanying disturb¬ 
ance of the state of the system. This is 
totally different from the situation m 
classical physics. If interaction between a 
system and the measuring device could be 
completely ignored, made zero—as was the 
assumption in classical physics—'then, in 
principle, the measuring instrument be¬ 
comes redundant. Not so in quantum 
mechanics 1 The complementanty principle 
is forced upon us because there can be no 
measurement without a certain minimum 
interaction; and the experimental arrange¬ 
ments for determining different properties 
of an atomic system are, in general, in¬ 
compatible with one another. 

In fact, if we could think of an experi¬ 
ment which IS inherently incapable of givmg 
us information about some obvious, charac¬ 
teristic property of the system, then such 
an experiment is likely to reveal unexpected 
features of the system. This in a sense is 
the essence of complementarity mode of 
thinking in physics. As is well-known, 
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according to von Neumann and E P 
Wigner, the conceptual problem o^measure¬ 
ment in quantum mechanics brings to the 
fore a role of human consciousness which 
has no analogue is classical physics. But I 
shall not pursue this here. 

Inhere are levels of Complementarity —-a hier¬ 
archy To take a rather trivial example 
the particle and wave aspects of an electron 
in an atom are complementary; and there 
is also the complementarity of the particle 
and wave aspects of the atom which 
contains the electron. Physics (objectivity) 
and psyche (subjectivity) are (perhaps) 
complementary. I may in this context 
refer to the monograph by C G Jung 
and W Pauli: Phe Interpretation of Mature 
and the Psyche (1955). 

To sum up: our conclusions are simple* 

Firstly^ there should be effective and 
deliberate opportunities for interaction 
between science and philosophy (under¬ 
stood in its widest sense) This is likely to 
be of immense mutual benefit Science is 
not enough. In promoting interaction be¬ 


tween science and philosophy the Univer¬ 
sities and the Academies have a special 
obligation. A chair in philosophy of science 
is an obvious suggestion. 

Secondly, the complementary mode of 
thinking should have a much wider scope, 
than at present It holds great potentialities 
not only within science, but for everyday 
life, and in human affairs generally Indian 
philosophic thought (particularly Syad- 
vada) is of great relevance to understand¬ 
ing and future development of the com¬ 
plementarity paradigm. 

Phirdly, the notion of truth—in mathe¬ 
matics, science, or ethics—is regulatory. 
Phere are no absolute truths Pruth is a guide 
to action to ceaseless striving 

To pursue truth in all its varied aspects 
of which the ethical is doubtlessly the 
most important—with zest, courage and 
dedication to the best of one’s ability and 
strength, is man’s highest duty and obli¬ 
gation That is the greatest lesson science 
holds for us. That is also the greatest need 
of the world today 
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WHEAT AND ROSES 

B P Pal 

{delivered at Waltair, 1976) 


I consider it a high privilege to have this 
opportunity of addressing the Fellows 
of the Academy and other scientists today. 
Some previous Presidential Addresses 
have been concerned with a presentation 
of the author’s own research work while 
others, specially of those who were no 
longer actively engaged in research, have 
dealt with aspects of science policy or 
othei matteis of general interest to 
scientists In my case, I have decided to 
give an Address which does make some 
reference on my own work but also deals 
with some issues which are vital to agri¬ 
cultural productivity in the country The 
combination of wheat and roses is perhaps 
a little unusual but what I had in mind 
when I chose the title, was the thought so 
beautifully expressed by Muslih-uddin 
Sadi in his 'GtdistarC where he has said: 

“If of thy mortal goods 
thou art bereft, 

And from thy slender store two 
loaves alone to thee are left, 

Sell one, and with the dole 

Buy hyaanths to feed thy soul ” 

Sadi has referred to hyacinths which were 
well known to him, but, if we take the 
whole world, it is the rose which sym¬ 
bolises for man— beauty, love and the finer 
things of life. Although rice feeds a larger 
number of people in the world, wheat 
is usually referred to as the “staff of life”, 
and its importance is well brought out in 
the following extract from the preface of 
a book on wheat by K S Quisenberry and 
L P Reitz: 

“Wheat IS many things. To a botanist, 
wheat is grass. To a chemist it is organic 
compounds, and to a geneticist, a challeng¬ 
ing organism. To a farmer, it means a cash 
crop, and to a hauler, freight To a 
labourer it means employment; to a 


merchant it is produce To a miller, it 
IS grist, and to a baker, flour The banker 
sees It as chattel and the politician as a 
problem Animals browse and feed on it 
and It sustains parasites The conserva¬ 
tionist uses It as ground cover In religion. 
It IS used as a symbol The artist and 
photographer see it as a model To millions 
It provides a livelihood, and to millions 
more a life-giving food 

Wheat has been all of these things and 
many more for a very long time Man 
has used wheat as a food since prehistoric 
times There is some evidence that it was 
first used in a parched form Wheat was 
apparently grown in the Middle East as 
early as 10,000 to 15,000 BC, and it appeals 
in writings from as early as 550 BC 
Many of the plant’s characteiistics were 
probably well-known to man 2,000 yeais 
ago, when it evidently was grown foi 
food . The important fact is that man 
has depended upon the wheat plant foi 
himself and his beasts for thousands ol 
years and hundreds of geneiations 

The experience of history and the weight 
of modern knowledge of nutrition, how- 
evei, indicate that mankind will not, should 
not, and, indeed, dare not abandon wheat 
A global wheat failure would be catastro¬ 
phic, a disaster few nations could survive 
even one year.” 

It is because of these considerations that I 
decided to give an address about wheat 
and roses. Let us take wheat first! 

We know from the well known researches 
of Vavilov that the bread wheats i.e., the 
wheats which are most predominantly 
used for providing bread, onginated in the 
northwestern comer of the Indian sub¬ 
continent including also the area of 
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Afghanistan. Wheat has therefore been 
associated with the ancient civilization of 
India from times immemorial. There is 
reason to believe that the great civilizations 
of Babylonia, Crete, Egypt, Greece and 
Rome were also based on wheat as one of 
the principal food crops, and it is reported 
that the Chinese grew this cereal as far 
back as 2,700 BC Men of ancient times 
attributed the origin of wheat to super¬ 
natural agencies. Thus the Chinese re¬ 
garded wheat as a direct gift from heaven, 
whale the Egyptians believed that it was 
introduced to the earth by the Goddess 
Demeter and Tryptolemus. Samples of 
wheat have been found in pre-historic 
human habitats, for instance, in the 
rubbish heaps of lake dwellings in both 
Italy and Switzerland. 

In more recent times the wheats of the 
world have been studied quite thoroughly. 
More than 15 species are recognised, some 
of them growing wild, while the others 
are cultivated The wheats fall into three 
natural groups based on their chromosome 
number and some other attributes The 
wheats belonging to the first group i.e , the 
diploid group with 14 chromosomes, are 
unimportant but in the tetraploid group 
Tnticum durum, the macaroni wheat, is still 
important in some areas, particularly for 
the preparation of certain types of wheat 
products. It is the hexaploid group of 
wheats, however, which is most important, 
and in this group, the species T. aestivum 
is the bread wheat par excellence. Wheat is 
usually made into flour, though from the 
flour it may be consumed in many forms 
such as loaves, chapattis, etc Wheat is 
considered to be one of the best of the 
cereals, and in addition to starch it supphes 
proteins, minerals and important vitamins. 

Let us now consider briefly the position 
of wheat in India. India was a great 
producer of wheat long before the famous 
wheat-growing areas of the United States, 
Canada and Australia were developed or 
even discovered. Investigations by 
Marshall and others have provided evid¬ 
ence that wheat of a cultivated species was 


being grown about 5,000 years ago in the 
Mohenjodaro region. Although the area 
under wheat in India is less than that 
under rice or sorghum, it is the staple food 
of a large section of the population of the 
Indian Subcontinent. It was natural there¬ 
fore that when scientific research on 
modern lines began in India m the early 
years of the current century that wheat 
should be one of the crops which received 
maximum attention. 

In this early period, A Howard and 
G L C Howard, assisted by A R Khan, 
conducted work on the improvement of 
wheat. From the wide range of wheat 
varieties existing in the country they were 
able by simple selection to identify the 
variety 'Pusa 4’ which became world 
famous for its grain quality. A number of 
other wheats followed all of which were 
of reasonable, high-yielding capacity, 
considering the level of farming which 
was then practised, and most of them had 
good grain quality. The phase of simple 
selection was followed by that of simple 
hybridization between varieties, to provide 
new combinations of characters. One of the 
important varieties thus produced was 
^Pusa 52' which achieved a wide distri¬ 
bution in the country. Wheat breeding 
work was done not only by the Imperial 
(now Indian) Agricultural Research Insti¬ 
tute but also by the research centres in 
some of the States in India. 

I was associated with another phase of 
wheat improvement which immediately 
followed the first phase. Although, as 
already mentioned, wheat varieties were 
now available which combined fairly 
good yielding capacity with good grain 
qualities, the problem of diseases had not 
received adequate attention. Fortunately 
the wheat crop in India is not attacked 
severely by any insect pests, but the rust 
diseases caused by the different species of 
a fungus, loose smut and some other 
diseases exacted considerable toll of the 
produce. The rust diseases have been 
particularly difficult to deal with since 
in the case of the black and the brown 
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rust, hybridisation can take place on 
their respective alternate hosts, while in 
the case of all three of them, frequent 
mutations take place resulting in new 
races, some of which may be more virulent 
than the existing ones. Races of the rust 
fungus may also be carried from one 
country to another by wind currents. The 
number of such races (which are morpho¬ 
logically indistinguishable but differ in 
their power to infect different varieties of 
wheat) is very large, and constitute a most 
difficult problem for the plant breeder, 
especially as new races keep coming up 
and attacking wheat varieties which pre¬ 
viously were considered to be resistant 

A programme of breeding was accordingly 
initiated by me with the cooperation 
of Prof K G Mehta of Agra. In the begin¬ 
ning, this consisted in first making crosses 
between Indian varieties with good agro¬ 
nomic characters and exotic varieties which 
had the desired rust resistance, though 
in other respect they were not suitable for 
Indian conditions, and testing the resultant 
progenies. Three sets of crosses were 
made, and, in due course, varieties 
resistant separately to the black rust, the 
brown rust and the yellow rust, were 
obtained Multiple crosses were then made 
on a large scale to bring together resistance 
to all the three rusts, combining it with 
suitable agronomic attributes and adapt¬ 
ability to conditions in India As a result 
of 18 years work, the variety ‘J^P-809' was 
evolved, this being the first wheat to be 
obtained as a result of a planned plant 
breeding programme, which was resistant 
in a large measure to all the races of the 
rusts then reported in India. It had 
another very useful asset in that it was also 
immune to the widespread loose smut 
disease. Besides ‘JVP-809’, a large number 
of other varieties were produced both at 
the lARI and by the State Departments 
of Agriculture, which were substantial 
improvements on the older varieties. 

Yet another phase of wheat improvement 
began when in 1963 a large variety of 


wheat material containing the dwarfing 
genes from Mexico (these genes were 
originally identified in the Japanese variety 
‘JVorin-lO' which was subsequently brought 
to the United States, in 1948, and from 
there introduced into new varieties in 
Mexico by Dr N E Borlaug, the famous 
wheat breeder) was introduced through the 
courtesy of the Rockefeller Foundation and 
the Mexican Ministry of Agriculture. Out 
of this material, two varieties, namely, 
‘Sonora-SP and ‘Lerma-Rojo' proved to be 
successful when tested under a wide range 
of conditions, under the All-India Wheat 
Improvement Proiect. These short-strawed 
wheats responded well to high fertility 
conditions and were readily accepted by 
the farmers in spite of their relatively poor 
grain quality compared to that of the 
best Indian varieties The wheat material 
from Mexico was soon crossed by the 
Indian wheat breeders with Indian 
varieties to produce new types some of 
which are proving very useful. It was the 
new varieties of wheat plus the appro¬ 
priate agronomic technology which were 
responsible for the breakthrough in wheat 
production in India, and which more than 
doubled the output of wheat, m a short 
period of only five years. This break¬ 
through in wheat production has been the 
backbone of what has been called the 
Green Revolution 

In the case of the Punjab, one of the 
important wheat-growing States, the yield 
per hectare increased from 901 kgs in 
1950-51 to 2243 in 1969-70 (M S Ran- 
dhawa, 1974). Individual farmers com¬ 
peting for the Krishi Pandit awards have 
reported very high yields indeed; for 
instance a farmer from the Khandwa block 
in Madhya Pradesh reported a yield of 
55T6 quintals per acre. But while there 
has been a substantial overall increase 
in wheat productivity especially in the 
northwestern States, and while individual 
farmers in certain areas have also set up 
records of high wheat production, the level 
of wheat production in the country is 
nowhere near the maximum which could 
theoretically be achieved. 
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In the Table below which I have taken 
from S H Wittwer (1974), the average, 
the top, and the record crop yields in the 
USA wluch is one of the most agriculturally 
advanced countnes of the world, m 1973 
are given The figures are in bushels per 
acre 


Table: Average, top, and record crop yields in the USA 
(bushels per acre) 


Crop 

1973 Average 

Top 

Record 

Corn 

94 

230 

306 

Wheat 

32 

135 

216 

Soyabeans 

28 

30 

110 

Sorghum 

63 

200 

320 

Rice 

28 

130 

350* 

Potatoes 

385 

1000 

1400 

Sweet Potatoes 

130 

600 

900 

Bariev 

41 

150 

212 

Oats 

49 

1.50 

296 

Sugar Beets . 

20** 

40** 

54** 


♦Obtained at the International Rice Research 
Institute, Los Banos, Philippines, in 1970 from a 
total of crops grown in one year. 

•♦Tons per acre. 

It will be seen that even in that country 
there is a big gap between the recoid 
yields and those obtained by the generality 
of the farmers In view of the great need 
for maximizing crop production, and parti¬ 
cularly food production, from the available 
land on this earth, to feed the huge popula¬ 
tion which is increasing at an alarming rate 
in many parts of the world, what is it that 
scientists can do ’ Before we try to attempt 
to answer this, let us now turn for a 
moment to the world of roses. 

India is one of the ancestral homes of the 
modern garden roses and Rosa moschata 
has been growing wild in the Himalayas 
from ancient times But there has been 
no clear evidence of the growing of roses 
in gardens in India until we come to the 
Mughal times. After that, roses have been 
popular in India and there has also been 
an industry producing roses for rose oil and 
water. After Independence, there has 
been a tremendous increase in interest in 


the garden roses. There appear to be good 
potentialities for the export of cut roses to 
Europe m the winter months when because 
of climatic conditions, the industrialised 
countries of Western Europe cannot have 
fresh roses, whereas the cool weather period 
is the best for this purpose in India and 
roses can be grown out of doors all the year 
round An attempt which was made just 
three or four years back to export roses to 
some Western European countries had 
only partial success but there were several 
reasons for that and the conclusion, in 
my opinion, should not be drawn that 
there is no scope for capturing a part of the 
European market. Israel, for instance, has 
a flourishing export trade of cut flowers 
to Western Europe. There appears to be 
no good reason why India which is only 
three hours by jet plane should not also 
be able to participate in this trade if appro¬ 
priate steps are taken after a careful study 
of the market requirements. 

Some of the countries in South and South- 
Eastern Asia like Indonesia, Thailand, 
Malaysia, Singapore and Sri Lanka have 
a valuable export trade to Europe of 
flowers such as orchids It is a great pity 
that India, with its wide range of climatic 
conditions and a large number of techni¬ 
cally trained people is not able to do what 
these countnes have done Perhaps one 
reason is that flonculture has not received 
the recognition which it deserves ir this 
country Flowers tend to be regarded as a 
luxury for the well-to-do classes That is 
not correct The culture and trade in 
flowers can provide employment to many 
persons, besides the aesthetic pleasuie 
which flowers afford to people in all walks 
of life, especially the children. After man 
has been able to obtain the material wants 
of food and other vital necessities, he surely 
needs the finer things which inspire him 
to live a better life So while we must 
concentrate primarily on producing food 
and economic materials, we can surely by 
proper planning afford to allocate the 
relatively small areas required for beauti¬ 
fying our country and our homes with 
ornamental plants. 
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Let us now go back to the problem of 
making a spectacular breakthrough in 
wheat and other essential food plants. 

At a recent Symposium on ‘Basic Sciences 
and Agticulture\ organised by the Indian 
National Science Academy, attention was 
drawn to the fact that a great deal of basic 
research is necessary if the agriculture of 
the future is to safeguarded The possibili¬ 
ties, for example, of producing entirely 
new economic plants; of increasing the 
photosynthetic efficiency of plants; of 
test-tube pollination and fertihsation as a 
new method for raising inter-specific and 
intergeneric hybrids, of new methods of 
rodent and pest control, and of new 
techniques of using biological nitrogen, 
and many other problems and possiblihties 
were highlighted, 

I do not propose to discuss here the details 
of the many problems which will require 
the attention of scientists, nor go into the 
question of how and where the researches 
should be undertaken My main purpose 
today is to draw pointed attention to the 
fact that the recent advances in agriculture 
have given us a little breathing space in 
which to plan and implement really far- 
reaching endeavours m the fields of science 
and technology, to meet the future require¬ 
ments of the human race. It is absolutely 
necessary that the agriculture of tomorrow 
should be very highly productive, and 
charactensed by stability of production 
and qualitative adequacy. It should pro¬ 
vide productive employment and lead to 
agrarian prosperity but in such a way that 
it ensures “harmonious co-existence of plants, 
animals and man in a mutually symbiotic and 
prominently productive bio-!ystem’\ This is a 
great challenge and demands a great 
response. 

If we are to rise to the occasion and achieve 
the desired objectives, we will have to act 
very quickly and in a different way firom 
what we have been doing so far. 

In war time, as every one knows, if 
something is required very urgently, say, 


a new war machine, be it a new type of 
aircraft or submarine or tank, the Govern¬ 
ment assembles immediately the persons 
with the required scientific and technical 
expertise, and gives them a direction to 
produce a blueprint of the required 
machine in the shortest possible time This 
is followed up by appropriate executive 
action so that all the materials and compo¬ 
nents required are made available without 
hitch or delay and work proceeds apace. 
Under the stress of war a great deal of 
work is done, involving high level team 
work, which does not usually happen 
during normal times. When the problem 
of maximising food production is so over¬ 
whelming and so urgent, when we know 
that millions of people are hungry and 
under-nourished, should not something 
like what is achieved in war time be orga¬ 
nised, to ensure that this gravest of 
problems facing the human race is properly 
solved? Should not the authonties bring 
together the appropriate persons in the 
fields of agriculture and related sciences 
and charge them with the duty of planning 
and initiating a research programme which 
will within a period of, say, 10 years, give 
us wheat varieties and also rice varieties 
(these twt) being the major food crops) 
which can give yields of 20 tonnes of grain 
per hectare year after year, under an 
agronomic technology which is feasible 
and economic? From the possibilities which 
have been enumerated by plant physiolo¬ 
gists and others such a target does not 
seem to be impossible but the will to do it 
must be there and the resources required 
must be forthcoming 

Besides the cereals, we must also similarly 
plan for huge increases in the productivity 
of the root crops which have, according to 
experts, a far higher potential than grain 
crops. When we succeed in evolving these 
super types of high yielding crops with 
good nutritive quality, then the agrono¬ 
mists will have to devise new multiple and 
intensive relay cropping systems. But 
while planning for all this let us make a 
start on breeding the 20-tonnes-per hectare 
wheat varieties. 
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In my opinion the Indian National Science 
Academy should take the lead, with the 
co-operation of the Indian Council or 
Agricultural Research and other scientific 
organisations, in organising a symposium 
in the near future at which this problem 
will really be thoroughly discussed and 
illuminated. 

Such a conference obviously will not be in 
a position to draw up a blue print but it 


could furnish an expert description of the 
food problem in its totality and provide 
the necessary guidelines so that, if those 
in authority decide that Project Wheat 
(this is the tentative title I am giving to it) 
must be taken up on the equivalent of a 
warfooting, the next steps will become 
clearer. 


I thank you. 


Randhawa, M S (1974) Green Revolution, Vikas Publications, New Delhi, 



ADDRESS BY THE PRESIDENT 

B P Pal 

(delivered at Bhubaneswar, 1977) 


For two years I have enjoyed the high 
honour of being President of the Indian 
National Science Academy. I wish to again 
express to the Council and the Fellows of 
the Academy my deep debt of gratitude for 
this distinction which they bestowed upon 
me. 

As I remarked when I addressed the 
General Body Meeting last year, Presiden¬ 
tial Addresses have varied a great deal in 
their subject—some Presidents have deli¬ 
vered strictly scientific addresses while 
others have discussed either the progress 
of the Academy or other matters of 
importance to scientists. When one 
attempts to do any kind of stock-taking 
on the termination of a tenure of office, 
one is reminded of the saying, '^Everybody 
sets out to do something, and everybody does 
something, but no one does what he sets out to do 
Put in other words, this statement implies 
that it is never possible for one to com¬ 
pletely achieve the target which was set 
for accomplishment. There is perhaps 
much truth in this but at the same time this 
cannot mean that sometimes quite a lot 
cannot be successfully accomplished and 
some of my distinguished predecessors have 
certainly left a record of work for the 
Academy for which this learned body 
should be grateful. 

The work of the Academy has been 
expanding and becoming diversified. For 
sometime, in its earlier history, the 
Academy, in the words of Dr Atma Ram, 
^^was perhaps more concerned with preserving 
the scientific chastity, than getting involved in 
functions which would bring the Academy face to 
face with various social problems and govern¬ 
mental respormbilities in the field of science^'. 
However, to be fair it must be pointed out 
that at that time not only were the financial 
resources more limited but the Academy 


had not been given a charter to take up 
wider responsibilities. In due course the 
position of the Academy improved and the 
landmarks in its history have included the 
recognition by the Government of India 
that this was the premier Science Academy 
of the country, the decision of the Govern¬ 
ment to transfer the adhering function 
with International Scientific Unions under 
the aegis of ICSU from the Government 
departments to the Academy, the naming 
of the Academy as the body responsible 
for implementing the Indo-Soviet Joint 
Programme for Research in selected areas 
of Basic Sciences, and the introduction 
of the exchange programme with the Royal 
Society of London. The Academy also 
developed a relationship with the National 
Academy of Sciences of the USA, and an 
important Symposium on “Water in Mari’s 
Life” was organised a few years back. 

Other important new activities were the 
financing of a number of projects in the 
Basic Sciences, and an attempt of populari¬ 
sing science by arranging a series of lectures 
including some especially for school 
children During the term of office of my 
distinguished predecessor, Dr D S Kothari, 
a significant scheme of identifying and 
giving recognition to young scientists was 
initiated and has been widely welcomed. 

During the two-year period during which I 
have been President, the strengthening 
of activities of the Academy has continued 
but I do not propose to go into details as 
these are contained in the reports which 
are submitted by the Secretaries to the 
Council at each meeting. I will only 
mention in passing that, first of all, steps 
were taken to improve the condition of the 
building and gardens of the Academy 
Headquarters so that they may be worthy 
of the Academy. Then action has been 
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taken to prepare a proper scheme for the 
strengthening of the Office of the Academy 
as an adequate infrastructure is essential 
to support the rapidly increasing activities 
of the Academy Plans have also been 
discussed for a new building which has 
become necessary in the context of the 
greatly increased responsibilities of the 
Academy, and taking advantage of its 
very central location, to develop it as a 
major centre for the holding of scientific 
meetings, conferences, and generally speak¬ 
ing, of scientific activities. I must admit 
that at the moment these plans are castles 
in the air, but we have had a sympathetic 
response from the Department of Science 
& Technology through which we receive 
our grants-m-aid from the Government. 

The Basic Sciences Project is making 
progress and critena have been established 
for selecting multi-disciplinary, multj- 
institutional schemes worthy of support 
by the Academy International activities 
have been intensified and during 1976, I 
had the privilege of leading the Academy’s 
delegation to the USSR in response to the 
invitation of the Academy of Sciences 
there. The delegation was received with 
the utmost cordiality and friendliness and 
as a result of the contacts established there 
is reason to hope that the joint Indo-Soviet 
scientific programmes will be strenghtened 
still further. Again, during 1976, our 
Academy signed a protocol with the Japan 
Society for the Promotion of Science 
under which scientific collaboration be¬ 
tween the two countries will take place 
Several scientific delegations from foreign 
countries have visited the Academy and 
some of them have expressed strong desire 
to establish relationships between their 
National Saence Academy and our 
Academy. The Council of the Academy 
has welcomed such developments and has 
also expressed a hope that relationships 
with the Science Academies or equivalent 
bodies in the developing countries, and 
especially in our neighbouring countries, 
would be strengthened in the near future. 

One matter in which I have been 


personally very much interested has been 
the co-operation with the other scientific 
bodies in the country. I am glad to say 
that we were able to organise, a few 
months ago, a Symposium on ‘ The Quality 
of Indian Scientific Publications' under the 
joint sponsorship of this Academy, the 
Indian Academy of Sciences, Bangalore 
and the National Academy of Sciences, 
Allahabad Scientific Academies are 
developing in some of the States and I 
believe that the Indian National Science 
Academy should take the opportunity to 
build up fraternal relationships with them 
and assist them, if necessary. We should 
also similarly strengthen our links with 
the learned scientific societies. 

One of the problem in holding Inter¬ 
national Conferences in India has 
been the difficulty experienced sometimes 
regarding free movement of scientists. I 
am glad to say that through the efforts 
of this Academy, the General Assembly 
Meeting of the International Union of 
Biological Sciences was successfully held 
at Bangalore this year This was possible 
because the Academy after consultation 
at a high level with the Government of 
India, was able to give an assurance to 
the lUBS that no bonafide scientist would 
have difficulty in entering the country to 
attend the Conference. Th’s was highly 
appreciated by the lUBS which passed 
a resolution commending the facilities 
made available by the Academy and the 
Government of India 

The publications of the Academy have 
received anxious attention and though 
we have not yet surmounted all the diffi¬ 
culties, one useful step recently taken has 
been the drawing up of a panel of presses 
to which the pubheations of the Academy 
can be sent, thereby avoiding the delay 
associated with searching for a new press 
every time. Library policy has also been 
given careful consideration. Here I must 
refer to the valuable contribution made in 
this respect by the late Professor P L 
Bhatnagar. It is hoped that by following 
the poUcy approved by the Council, the 



BP PAL 


395 


Library of the Academy can be recognised 
as an unusually good reference library 
for particular groups or disciplines in the 
Basic Sciences. 

I would like to make a special mention 
of the Seminar organised in 1975 by the 
Academy on “Baste Sciences and Agriculture'^ 
This brought together, for the first time, 
research workers from the Universities and 
from the Institutes of Agriculture and very 
useful discussions ensued. The value of 
the recommendations made at this meeting 
has been recognised by the Director- 
General, Indian Council of Agricultural 
Research, Dr M S Swaminathan, FNA, 
FRS In October 1976, as already men¬ 
tioned, an important Symposium on 'The 
Quality of Indian Scientific Publications' was 
held with the co-operation of the Indian 
Academy of Sciences and the National 
Academy of Sciences The reason for calling 
this Conference was to draw attention to 
the fact that though India has the third 
largest body of scientists and technologists 
in the world, and though there is a very 
large publication programme in the 
countiy, yet most scientists find it necessary 
to send their best papers for publication 
abroad There was thus need for giving 
thought to measures to rectify the situation 
One of the recommendations of the 
Symposium which needs to be followed 
up with full vigour is that in each major 
area of science, steps should be taken to 
have one outstanding Journal in India 
whose quahty could attract the best papers 
of the country and also possibly some 
from abroad. 

One other matter I must mention is the 
approval bestowed last year by the Fellow¬ 
ship on the proposal to increase the annual 
intake of Fellows from 15 to 30. This 
decision has been widely welcomed as a 
wise step in view of the large number of 
very able scientists in the country in the 
various disciplines of science 

Having said something about the present 
work and position of the Academy, I 
would like to point to the future, and 


begin with a quotation from Mr R S 
McNamara who has said, “The poorest 
quarter of the populations in developing lands 
risk being left almost entirely behind in the 
vast transformation of the modern technological 

society . Can we imagine any 

human order surviving with so gross a misery 
piling up at Its base""^ Referring to the 
position in India, Professor Meghnad Saha 
in the concluding portion of his Presidential 
Address in 1938 made the statement ‘If 
we desire to fight successfully the scourge of 
poverty and want from which 90 per cent of our 
countrymen are suffering and lay the foundation 
of a strong and progressive national life we must 
make the fullest use of the power which a knowle¬ 
dge of Mature has given us We must rebuild our 
economic system by utilising the resources of our 
land, harnessing the energy of our rivers, prospect¬ 
ing for the riches hidden under the bowels of the 
earth, reclaiming deserts and swamps, conquering 
the barriers of distance and above all, we must 
mould anew the nature of man in both individual 
and social aspects so that a richer, more harmoni¬ 
ous and happier race may live in this great and 
ancient land of ours" In this context what is 
it that Science can do? Someone has 
remarked, “In recent times, modem science hai 
developed to give mankind, for the first time, in 
the history of the human race, a way of securing 
a more abundant life which does not consist in 
taking away from someone else" 

In an issue of Mature and Resources it is 
stated. “It has become evident that while there 
are benefits to be realised from further research, 
the over-nding need is for refinement of integrated 
approaches to the planning and management of 
developmental programmes " Again, refernng 
to the food problem someone has said, 
“Technically we know how to produce the food 
the world needs, but do not know how to put our 
knowledge into practice." 

There is a very wide appreciation of the 
fact that science can transform our lives 
into something better but quite a few 
people have raised doubts as to whether 
the real good of humanity will be fostered 
by science because of its occasional mis- 
applicaticn or unbalanced application in 
relation to the most pressing problems of 



PRESIDENTIAL ADDRESSES 


39f) 


the human race. Here I would like to 
quote from that great thinker, Geothe, 
who stated, what end is served by all the 
expenditure of suns and planets and moons, 
of stars and Milky Ways, of Comets and 
nebulae of worlds evolving and passing away, 
if at last a happy man does not involuntarily 
rejoice in his existence’''^ Expressing almost 
a similar thought but in a different way, 
an American agronomist wrote in an 
article sometime ago: '^Unless mankind u 
wise enough and compassionate enough to 
devise a better food-security system, we may be 
seeing the beginning of the end of our civilisation^ 

I think the reference in this quotation to 
the quality of compassion is one of great 
significance for we must not confuse com¬ 
passion with sentimentality. As someone 
has said, ^^Sentimentality is no indication of a 
warm heart. Kothing weeps more copiously than 
a chunk of ice". Can those of us who deal 
with science approach the overall problem 
of the use of science in a warm-hearted 
manner for the uphftment of our fellow- 
beings and also for the preservation of 
plants and animals in the world around us^ 

While there is a vast sea of misery and 
want in many areas of the world, in India 
also there is a very large section of our 
population which is denied at present even 
the basic food requirement recommended 
by nutrition experts. This legacy of 
poverty and want has come down to us for 
historical reasons which are known to 
everybody and a valiant effort is now being 
made in this country to try and wipe out 
this backlog, and to initiate and sustain a 
new era of contentment and prosperity 
Though the poverty of the Indian peasant 
has been heart-breaking, Kusum Nair 
in one of her books referred to ^‘the te- 
markable dignity and courage, despite the 
mud walls and the often empty cooking utensil" 
of this large segment of our population. 
Though they have seen little of life’s com¬ 
forts, they have been sustained by their 
faith in religion and the rich legends from 
a past which is never very far behind them. 
Si^ly, they deserve all that modern 
science could do for them, if it is pur¬ 
posefully used. It was Pandit Nehru’s 


firm belief and hope that science was the 
key which could open the door to a new 
and better life for our people. 

I have referred to you these excerpts and 
quotations to provide the background 
against which the Academy has to func¬ 
tion It IS quite true that the Academy 
does not have the financial and staff 
resources to carry out large programmes 
of applied research and extension activity. 
These are being looked after by a number 
of our major scientific organisations like 
the CSIR, the ICAR, and the ICMR 
besides a great many voluntary agencies. 
But at the same time the Academy does 
have the most valuable resource of having 
within its fold, many of the most able 
scientists of the country, and it should be 
able to play a catalytic role in seeing that 
the fruits of research are channelled, 
without loss of time and in the most effec¬ 
tive way, to the millions in our country 
who are in dire need of this. As our great 
philosopher and statesman, Dr S Radha- 
krishnan said, ‘'When the wick is ablaze at 
its tip the whole lamp is said to be burning". So 
the Indian National Science Academy with 
the increased resources and support which 
it now has, should take up the challenge. 
There seems to be no reason why it cannot 
develop itself to perform the functions of 
a small but inspired brains trust in science. 

One of the problems at present is how to 
obtain the increased participation of the 
Fellows of the Academy in such activities 
as organising discussions and lectures on 
matters of national importance, thereby 
bringing these to the notice of Government 
and the people, and for preparing autho¬ 
ritative status reports and special reports, 
especially on topics which have been 
relatively neglected because they fall 
between the boundaries of the major 
scientific organisations or for any other 
reason. The Academy wiU no doubt, as 
I have said earlier, build up closer relation¬ 
ships with the State Academies of Science 
and other learned bodies, so that there 
may be an integrated, overall endeavour 
to apply science for solving the many 
pressing problems of our country. 
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FUNCTIONS AND ORGANIZATION OF SCIENCES IN INDU 


R Ramanna 

[delivered at Ahmedabad, 1978) 


Nearly all my distinguished predecessors 
have used the occasion of the Anniversary 
General Meeting to express their views 
on the functions and orgamsation of 
Science in India. I feel that this year in 
particular, there is a special need for a 
close examination of these issues; for, 
while Indian science is on the threshold 
of great achievements, its organisation, as 
things stand to-day, may prove to be a 
source of hindrance to its eaily and 
effective application to the solution of 
national problems A delay in its appli¬ 
cation may lead to wrong conclusions as 
to the value of science to society itself and 
detract from the use of the methods of 
science to future developments, be it in 
the sphere of increasing the country’s 
industrial potential or building a national 
personality reorientation of our philo¬ 
sophy to suit the 21st Century. 

It will be recalled that in August 1977, 
the Council of INSA had issued a Press 
Release expressing concern over the in¬ 
adequate realisation of the value of 
scientific methods, the limitations of such 
an approach and why the reorganisation 
of existing structures based on consultation 
was required in order to make it a more 
efficient tool for national development In 
the beginning, only some abstracted 
versions of the release appeared in a small 
number of dailies. However, its impact 
became more perceptible later. 

I am glad to note that our two sister 
Academies, the Indian Academy of 
Sciences and the National Academy of 
Sciences, whose Presidents are both Fellows 
of this Academy, have also expressed 
views similar to ours, but perhaps m a 
more pointed manner as they were issued 
much later than the Press Release of the 
INSA Council and also after the decision 


of the Government to make major changes 
in the existing framework for scientific 
organisations. It is gratifying to note that 
a constructive view of these changes has 
emerged taking into account the import¬ 
ance of inter-disciplinary research acti¬ 
vities It is a happy augury that the 
various Academies have independently 
come to almost identical conclusions As 
these conclusions taken in totality reflect 
the views of a large body of the science 
community, I take it to mean that Science 
Academies have an important role of an 
advisory nature to play in the formulation 
of science policy 

Consultative processes are essential in a 
country like ours which has a large and 
diverse science structure and where the 
implementation of science pohcy is lieset 
with enormous difficulties It is only a 
truly scientific society which can effectively 
examine the vast potential of present day 
science and suggest methods by which it 
can be kept in the forefront cf develop¬ 
ment and not allowed to take on an 
imitative role, incapable of providing the 
required level of confidence needed to 
achieve national self-rehance. In a demo¬ 
cracy, no set of scientists, however care¬ 
fully they may be chosen, can replace the 
collective wisdom of a body like INSA, 
which has indeed been recognised by the 
Government, as early as in 1945, as the 
premier society representing all branches 
of science. I would, therefore, like to make 
a plea for the effective utilisation of the 
potential of the Academy for the benefit 
of the country much in the same way the 
USSR Academy of Sciences, the National 
Academy of Sciences, USA and the Royal 
Society of UK, are given pride of place in 
their respective countries. It is to be noted 
that the USSR Academy of Sciences even 
implements policy. We, as a body of 
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scientists, should not appear to be bargain¬ 
ing for leverage. On the contrary, we are 
here only to give our considered advice. 
If confidence is reposed m us, we will 
naturally rise to the occasion in a manner 
that would enhance the prestige of Indian 
Science. 

The reorganised National Committee on 
Science and Technology has as one of its 
members, the President of INSA and I 
believe that the views of the Council of 
INSA will be given due weight at the 
dehberations of the NCST. We take pride 
in the fact that the new Chairman of 
NCST is a distinguished past-President 
of INSA and he has already assured me 
that our views will be given special 
consideration. 

Among those countries of the world which 
have a scientific base of some consequence, 
we are the one that spends the least on 
science In spite of this and in spite of the 
fact that our per capita GNP is amongst 
the lowest in the world, the quality of 
Indian science is greatly respected abroad 
and scientists and students from other 
countries come to us in fairly large numbers 
to share the knowledge developed in our 
laboratories. At various symposia organised 
by learned bodies, I am amazed to see 
the excellent quality of work in various 
disciplines contributed by research workers 
who are working under the most difficult 
conditions of financial, administrative and 
other forms of logistic support. By any 
norms of national plmning, the allocations 
for science and technology should be 
increased if we are to survive as a modern 
nadon and not become merely a geo¬ 
graphical entity. The usual reason given 
against any increase of financial support 
is that we are a very poor country and 
that we cannot afford more. Some even 
say that we must cut on science to help 
one more villager to survive. If we have 
to make such cuts on science, it is not 
that one more villager will survive, but 
it is like cutting the very arm of the nation 
that can help uplift the villager. In our 
history, whenever we allowed ourselves to 


neglect science, we reached the lowest 
levck of degradation, especially during the 
18th and 19th centuries, a stage from which 
we have not yet truly come out. We must 
never let this happen again. We must 
continue to support science as has been 
the policy since independence. This support 
should be enhanced, and widened in scope 
to cover the many developments that are 
taking place in the world. 

Our country is a very large one and it 
should have every aspect of science operat¬ 
ing at aU levels, be it basic science (some¬ 
times called ivory tower science) or the 
kind of “bare foot” technology intended 
to help in our rural programmes. There 
must be a continuous flow of knowledge 
from the high “ivory tower” to the down 
to earth level pervading through the 
entire scientific community. No branch of 
knowledge is unnecessary to a nation on 
the move. As an example of a discipline 
which does not give the impression of 
having any immediate value to the com¬ 
munity, I may refer to abstract mathe¬ 
matics. This type of mathematics does not 
even have the possibility of being a source 
of entertainment like music or painting. 
It is there for its own sahe, but is there any¬ 
body who would suggest that we should 
stop support to mathematics in this 
country? It is not that mathematics should 
be supported because it does not involve 
much financial investment (an incorrect 
statement in itself). It should be supported 
purely because such support would be in 
the spirit of involving ourselves in the 
very foundations of thought and structure 
of modem science. It is this very spint 
that has allowed us to survive in the past 
as a nation with a remarkable continuity 
of culture. However, such an attitude 
requires our accepting the established laws 
of science as supreme. A very distin¬ 
guished scientist abroad once said to me 
that it must be fidghtfully difficult to 
undertake scientific research in India 
because of the widespread atmosphere of 
non-science. There is no doubt that social 
conditions affect not only the growth of 
science, but even the use of scientific 
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methods and, ultimately the absorption 
of science in the processes of change and 
development. 

Over the centuries, the need for rule by 
law as a sign of civilised existence has 
come to be generally accepted Our 
lawyers clamour for this and swear by 
Manu, Mitakshara and Macaulay as 
though their pronouncements were the 
laws of God himself. But few have tried 
to critically examine their relevance to 
modern life. If you ask me why there is 
need for a large scale use of third degree 
methods in our police investigations, I 
would say that it is an outcome of the 
existing criminal procedure code itself 
There have been great advances in the 
forensic sciences, but how much of this 
has any value in our country ^ The greater 
use of science in detection of crime can 
result m lesser use of third degree methods 
and consequently lead to a lesser misuse 
of authority But this change requires an 
acceptance of the laws of science which 
have a better claim to being a creation of 
God In all material matters, the laws of 
science are supreme and such is the 
humility of science that when a more 
correct law is discovered, the older one 
is discarded if there is sufficient evidence 
to do so by a feedback process that is 
natural to it However, such ready accept¬ 
ance of newer concepts requires our 
imphcit faith in mathematics, statistics, 
the law of the exact science and then- 
projection into Biology. 

Sometimes people make a difference 
between scientific research and industrial 
research This is actually a very colonial 
view of industrial development. If the 
country really has to be industrialised in 
the fullest sense of the word, both must 
exist simultaneously. We can compare 
science and technology to a human body 
where the legs and hands represent 
industry, but the brain represents scientific 
research. If we do not have scientific 
research helping and controlling industry 
as a well assimilated part for our develop¬ 
ment, we will be merely importing not 


only equipment from outside, but even 
ideas This will completely place us in 
the hands of those who control industry 
elsewhere. 

By Its very nature, science requires nurtur¬ 
ing of excellence which is wrongly levelled 
as “elitism”. Good science can come only 
from those specially fostered in a special 
environment. While we can have mediocre 
music for use in restaurants and similar 
quality work of painters to be hung up 
on the walls of hotels, we cannot afford 
to have such a thing as a mediocre scientist. 
To keep a scientist working at his most 
effective and creative level, he has to be 
treated as something out of the ordinary 
His morale has to lie kept at the highest 
level, otherwise, the investment made on 
him will all go waste. It is for this reason, 
advanced countries give a very special 
position to scientists and more so if their 
merit is indisputable. It is in the fitness 
of things that a scientist must be treated 
with solicitude which should be made a 
part of national concern rather than 
controversy. This acceptance of the 
scientist’s position, however, requires a 
proper method of assessing him. 

Research workers can be classified into 
three different groups- one just about to 
start his work, one at the peak of his 
activity and one who helps progress and 
promotion of science by his overall maturity 
and experience In the first categoiy, the 
identification should normally be avail¬ 
able through university gradings. Un¬ 
fortunately, in India, this method of 
assessment is not satisfactory due to the 
large number of graduates being turned 
out in our universities In such an over¬ 
crowded situation, the identification of a 
single person who shows great promise 
becomes very difficult. Consequently, the 
training of a highly gifted person requires 
very special attention. It is for this reason 
that a secondary selection process firom 
among those coming out of universities 
and their subsequent training is required 
for the proper development of a research 
worker in his earlier stages. At middle 
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levels, when the research worker is at his 
peak of activity, the problem of identi¬ 
fication ’s different as it requires great 
vision to recognise the merit of a man 
contributing at the frontiers of science. 

The identification of good people at this 
level by means of newspaper advertise¬ 
ments is a futile exercise For one thing, a 
scientist in this group usually does not 
like to migrate from the place he is already 
in. He is suspicious of new environment 
and new colleagues. It requires tremendous 
persuasion to get a good scientist to work 
in another laboratory on a different set 
of problems which requires his expertise 
It is, therefore, hardly likely that he will 
respond to an advertisement. It is also 
difficult to believe that a UPSG type of 
interview is any better, specially when 
it takes the shape of a judicial operation. 
Unless the people who have to work with 
the scientist concerned are also emo¬ 
tionally involved in the selection process, 
a satisfactory identification will not result 
The so called objective method of selecting 
scientists by outside committees may satisfy 
norms, but fail to identify the best men. 
The problem is made worse when con¬ 
fidential reports are written on the candi¬ 
date with a view to avoid any comments 
concerning his inadequacy with respect to 
the solutions of particular types of pro¬ 
blems Whereas the objective identification 
of deficiencies is meant to help in locating 
a scientist in the environment most appro¬ 
priate to his strength and weaknesses, it 
IS often used in current selection processes 
as adverse remarks thus invalidating the 
use intended for such reports. Taking 
everything into account, a certain degree 
of rational bias m favour of excellence is 
an essential part of choosing the right man 
for scientific research. Unfortunately, it 
is true that there is a tendency to lay too 
much stress on the dangers of nepotism 
through relationship, caste, locahty and 
other unpleasant factors While nobody 
can deny their existence, it is, I believe, a 
passing phase. Its incidence can be mini¬ 
mised by an appropriate choice of selection 
committees and by proper tradition and 


leadership In any case, there is always 
an element of risk involved in any attempt 
to recognise good people. Many of the 
difficulties one faces in selection operations 
are more due to shortage of posts and to 
the fact that salaries and posts are asso¬ 
ciated with one another. I have found 
from personal experience that if there is a 
delinking of salanes with designation, a 
younger man can take up more respon¬ 
sibilities because of inherent ability and 
not necessarily come in the way of the older 
scientist who may deserve a tugher salary 
due to the passage of time In the choice 
of scientists at the very highest levels, other 
constraints of a non-scientific nature will 
naturally play a part and it is here that the 
Academies and learned bodies can play 
an important role in the assessment 
procedure 

There has been considerable debate as to 
who is the user of any technical develop¬ 
ment that has come out of a laboratory 
I am afraid, it is certainly not the Ministry 
concerned To me the Ministry is a body 
which IS meant to help the scientist to get 
on expeditiously with his work, to give all 
assistance to him in solving administrative 
problems and to act as a protective 
agency in legal and other matters that may 
arise in the coordination between a 
research laboratory and an industrial user. 
At least this is how, I recall. Dr Homi 
Bhabha defined the role of administration 
in scientific research. Unless administra¬ 
tion has clearly understood its assistance 
role, there will be much cause for mis¬ 
givings Due to historical reasons, many 
Government laboratories are classified as 
subordinate offices and are treated as such. 
This classification has come from British 
times and has remained unchanged if not 
in form, certainly in spint The Ministry 
officials are only too conscious of the fact 
that all the statutory powers are with 
them and some of them even insist that 
they have the last word on the subject, 
purely for purposes of continuing the 
status quo It is possible that the Director 
of a laboratory can woik smoothly with 
the Ministry, but keeping good relations 
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becomes a major aspect of his activity 
mvolvmg severe compromise on several 
issues. Usually, the differences are not 
important when the concerned laboratory 
is involved only in routine operations. 
If, however, the Director wishes to make 
changes and do something out of the 
ordinary, which is the essence of scientific 
research and requires a constant process of 
delegation of powers, it is remarkable how 
departmental opposition comes to play, a 
fact noted by Lord Rutherford himself 
As I see it, by its very definition, a 
Ministry’s approach is to routinise matters 
as much as possible and thus, if it is in 
direct control of a laboratory, only routine 
work will emerge On the contrary, all 
scientific work is based on continuous 
innovation, be )t in scientific administra¬ 
tion or in scientific research 

It also does not follow that the user of 
any lesults of a laboratory is necessarily 
the industry concerned The mam concern 
of the industry is to make profits and their 
approach to research is that it should lead 
to increased efficiency leading to in¬ 
creased production rates, but when new 
processes or new items of development 
which may have an overall national 
economic value are involved, the industry 
in general rarely shows much interest 
It is for this reason the autonomy of a 
laboiatory has to be carefullv preserved 
It IS not for me to describe what autonomy 
immediately implies, and how it can be 
maintained, but I think the Academy 
should give serious thought to this and 
prepare a paper taking all aspects of the 
problem into account and make it avail¬ 
able for public discussion. 

I would now like to deal with an approach 
that has been considered as a solution to 
some of these problems and has been 
implemented as such. This is the process 
by which scientists are given secretarial 
power To me this seems to be an ad¬ 
mission of defeat; for, it means that it is 
not possible to delegate powers to scientists 
to get on with their work and that unless 
a good scientist is sucked up into a secre¬ 


tarial structure, which is inevitable, he will 
not be able to survive or protect the 
interest of science I do feel that there 
must be a way out of this, whereby scientists 
holding high posts can be given appro¬ 
priate powers, which would be commen¬ 
surate with their stature and their level 
of functional responsibility. In some cases, 
where a scientist is of high calibre, it may 
be necessary to vest him with powers and 
a status that may be even more than that 
of a Secretary. The aim of the whole 
exercise should be to decentralise effectively 
decision making powers in order to truly 
promote as rapidly as possible the progiess 
of science and technology 

I have 1)1 ought to your attention some of 
the difficulties concerning organisational 
matters of a laboratory But the purpose 
of a Presidential Address is not to merely 
categorise all these pioblems They are 
being brought to your attention more 
by way of examples so that a unified 
appioach can be attempted and well 
before the end of the century we can say 
that India has a matuie system for the 
organisation of science 

II, in this context, INSA has to plav an 
important role in the promotion of science. 
It has Itself to undergo many changes It 
has a legacy of constraints by way of veiy 
inflexible statutory regulations copied fiom 
foreign institutions from the pie-independ- 
ence era Since no changes to the statutes 
are possible without a three-fourth majo¬ 
rity, It really means that no change is 
possible at all From previous experience 
It seems that out of a total of 387 Fellows, 
only about half of them take interest in 
the working ef the Academy To improve 
participation, the Council has encouraged 
the functioning of Regional Chapters and 
I am glad to report that there is a conti¬ 
nuous inflow of reports of activity from 
them, particularly those from Bombay, 
Calcutta, Hyderabad and Madras I would 
urge that if any changes are to be made to 
the Academy Statutes, the desire should 
come from the Fellows from the various 
regions. Any fundamental changes on 
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important issues should be initiated only, 
with the full support of Regional Chapters. 
There is also the question of how much 
the Academy should recognise the excellent 
work being done in the country by 
Engineers and Medical men from the 
point of view of representation within the 
Academy. In order to get a proper assess¬ 
ment of the situation in these fields, I 
have suggested to the Council that other 
learned bodies should have an affiliation 
status to the Academy in some form, so 
that there is a continuing exchange of 
views on the problems of medical and 
engineering sciences and other fields of 
knowledge and between the learned bodies 
and the Academy. Close collaboration with 
State Academies would help in the 
collection of information concerning re¬ 
gional and rural problems 

The Academy is here to help all the 
sciences in India and is committed to 
taking only a positive and helpful attitude 
Sometimes it is forced into rather un¬ 
pleasant situations because among the 
body of scientists, a code of conduct and 
ethics has not yet come into organised 
existence We still have the old complaints 
of papers being published in a hurry with 
unverified results, insufficient credit being 
given to junior workers, plagiarism in 
some form or other, and above all, 
difference of opinion between scientists 
arismg from sources of a non-scientific 
nature or personal prej'udices. These, I 
presume, are essentially problems of a 
transitional nature which necessarily arise 
during the process of achieving maturity 
and growth. I would not give too much 
importance to these unless one can show 
that they are indeed causing definite 
damage to the image of Indian science 
At the same time, it should not be the 
intention of the Academy to shy away 
from problems and claim a state of sanyasa 
It should be amidst aU scientific contro¬ 
versies bringing forth effective solutions 
without ever losing its commitment to 
basic principles. 

INSA is essentially a scientific body and 


will recognise no other solutions on 
scientific matters except those under the 
principles defined by science. There is 
much controversy in the country about 
imponderables, such as the powers of 
miracle-men and the effectiveness of 
various indigenous cures ard medicines. 

I know fiom my own experience that every 
other village in the South has its own 
methods of medication and that a large 
number of the Indian scientists retain 
their faith m miracle cures While I 
doubt the principles on which these cures 
and medicines are based, I must concede 
that several of them may indeed provide 
remedies, psychosomatic or otherwise. 
But, as far as we are concerned, we can 
recognise only one science and that is 
medical science Unless the claimed cures 
are understood with respect to biological 
processes based on principles of the basic 
sciences, they can continue only as unveri¬ 
fied cures and that too only as long as 
they are not dangerous and do not lead 
to toxic side effects But they cannot be 
said to be part of medical science Objec¬ 
tive statistical verification of all successes 
is an essential part of science 

Another variation of the above syndrome 
which is very much in evidence in the 
international scene is the conclusion stem¬ 
ming from a non-scientific approach to 
current problems The International 
Atomic Energy Agency has, in recent 
reports, analysed the various appli¬ 
cation areas where the peaceful uses of 
atomic energy are bound to play an 
important and beneficial role in the 
future No less an authority than Acade¬ 
mician Kapitza has recently expressed 
the view that for the effective exploitation 
of geothermal resources, peaceful nuclear 
explosions are necessary In spite of all 
this it IS surprising that a large part of 
the world should stress on only the evil 
aspects of atomic energy. While the social 
obligations of a scientist, both in the 
national and international plane, cannot 
be lost sight of, it does not mean that 
they should succumb to new kinds of 
superstitions. 
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In conclusion, I would like to say that need for their existence will only be a 
in. the interests of science in India scientific very minor one 
bodies like I NS A must strongly express 

their views in the formulation of Science I would like to express my sincere thanks 
Policy, and the organisation and adminis- to the members of the Council who have 
tration of science, otherwise the very been with me on all important issues 



LIMITS AND LIMITATIONS 


R Ramanna 

(delivered at Hyderabad 1979) 


The purpose of Defence Research is to 
keep the capability of the fighting forces 
at the highest level with the use of modern 
science and technology'. This requires a 
cadre of well-informed and able scientists 
who are able to appreciate the value of the 
latest discoveries of science and new 
developments in technology to be of 
relevance to the defence effort and be in a 
position to translate these new develop¬ 
ments to make it a viable tool for creating 
either new types of defence weapons or 
upgrade the existing ones to a higher 
quality In a way it is fortunate that the 
laws of physics, chemistry and science in 
geneial set a limit to w'hat is possible in 
this regard and one can, therefore, in 
principle be guided by these laws as to the 
limits of such possible developments It 
is only after considering these limits, one 
can talk of the limitations of what is 
actually achievable as a result of financial, 
logistic and other constraints In this 
lecture, I propose to bring to your attention 
a few of the scientific constraints which will 
restrict development of weapon system 
from more basic considerations For this 
purpose, It is necessary to appreciate what 
a modem defence effort requires In 
spite of the risk of being very sketchy and 
naive, I shall state the following facts • 

An army should have a tank having 
sufficient power to give it manoeuvanbility 
in the relevant fighting conditions. It 
should have a sufficient number of modern 
effective armaments of the desired power 
which is a common requirement for any 
other fighting system such as warships, 
submarines, aircraft and mobile vehicles. 
The type of armaments would consist of 
guns and mortars of various categories and 
fire, power, torpedoes, missiles, etc., and 
most of them will have to be controlled 
by electronic devices. Since tank manoeuv¬ 


res are a nocturnal operation, modern 
night vision using infrared to visible light 
converters is essential 

Our defence effort should include a strong 
navy especially because of the large coast 
line A strong navy implies effective work¬ 
ing groups in naval design, design of 
submarines, study of the problems of 
corrosion in sea water, detection of other 
naval aircraft in the vicinity and commu¬ 
nication between vessels. The growing 
application of electronics to warfare calls 
for a strong group in naval electronics 
which I shall call navionics 

Modem warfare depends very much on the 
appropriate aircraft for specific combat 
operations; be it for an activity deep 
inside another country for supporting army 
manoeuvres or even for mere transport 
Aircraft design involves a tremendous 
appreciation of aerodynamics and allied 
problems. It also imphes the development 
of reliable engines, which I could say is 
the heart of an aircraft The aircraft must 
have the necessary weapons which can be 
set into operation swiftly as the time 
involved in such operations is of the order 
of a fraction of a second As aircraft has a 
large obsolescence rate, it must be suppor¬ 
ted by a strong R & D group which helps 
to improve constantly the existing design 
It may advise even completely rejecting a 
previous design and starting of a new 
one Because of the high maintenance cost 
of an aircraft, simulation for training 
is a vital part of any air R & D activity 
The development of pilotless aircraft as 
targets to test systems would also be part 
of such a programme. 

No defence is possible without a highly 
sophisticated communication system, be 
it for the detection of enemy aircraft, for 
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commurucation with other sea going vessels 
or aircraft for just plain communication 
required in. army maneouvres Electronics 
has progressed enormously in the last few 
years and has changed the whole concept 
of communication One of the important 
needs in warfare is the identification of an 
enemy or friend either m the air or on the 
ground and electronics has done much to 
solve this vital problem The coming of 
satelhtes has added an entirely new dimen¬ 
sion to defence communication, and 
surveillance 

Wars are unfortunately fought by human 
beings and as such the study of the limits 
of human endurance plays an important 
part in the work of Defence R & D The 
psychological and physiological behaviour 
of personnel either deep in a submarine 
or high up in the air travelling at a speed 
much faster than sound requires a greater 
study especially in Indian conditions and 
sociological background. 

There are several other problems m a 
defence effort such as the development 
of various materials, e.g, chemicals, 
plastics, etc, preservation of food, the 
behaviour of snow avalanches especially 
in the border areas and so on The list 
given here is a small one selected from a 
very large number and I mention these in 
passing purely for the sake of giving you an 
idea of the wide variety of disciplines 
involved 

Material Development 

The greatest importance in any R & D 
effort in defence is the development of new 
materials particularly of metallurgical 
value It is required as armour of a tank, 
as various components of a ship or struc¬ 
tural material of the aircraft where it 
undergoes tremendous stresses and strains 
in flight. In all this, the search for new 
alloys will go on. This search is an exciting 
field, since in recent years great advances 
have been made in the understanding 
of solid state structure. We can even say 
that now-a-days alloys can be tailor-made 
to any particular requirement. However, 


the elastic and plastic behaviour of 
materials and alloys finally set a limit to 
this. The engineering behaviour of any 
mateiials may be appropriately described 
by a characteristic stress-strain relation and 
the corresponding stress-strain curve, which 
possesses many limiting points, each limit¬ 
ing point describing a different behaviour 
of the material A typical stress-strain curve 
will appear as Fig 1 


ELASTIC REGION 



Fig, 1, A typol s^rcs^ strain cuiA^ 



Here point P represents the limit of the 
linear behaviour of the material Within 
this limit, if the load is withdrawn from 
the material, it recovers its original 
shape 

Beyond P, the curve bends to another 
limiting point T which represents the 
yield-point stress At this stage the plastic 
flow sets in. Hereafter, any unloading 
and reloading will have different values 
for the yield limits. The upper limit of 
these yield points is denoted by U, the 
ultimate stress The material cannot stand 
loading beyond this limit. Point B corres¬ 
ponds to the post effects of creep etc., 
where the fracture takes place. 
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As another example of the hmit set to 
materials by purely physical considerations, 
we consider the case of fracture of an 
armour plate of a tank It is known that 
fracture by spalling oi scabbing takes place 
in an armour plate when a reflection of 
an induced compressional wave leads to 
intense tensile stresses 


In a simple model loading of a plate 
by an explosive pulse p exp (— at) over 
an area of a ciicle with radius a and plate 
thickness h, we obtain an approximation 
to the scab surface by finding the locus of 
the points at which the piincipal stress 

Si~~E, the tensile limit 


In an accurate evaluation this locus takes 
the form 


( 2 '/P) = l-exp 
contributions 



edge wave 


(^ 1 =velocity of compressional wave), 

where the last term will be a function of 
both the cylindrical coordinates r and 4 : 
The following figures show the relevant 
schematic results (Figs 2, 3a, b & 4 ): 

Calculations for a material and loading 
governed by 

P^3S, a—4 inches, h=3 inches, p ~ 

0 283/lb/in , 

Cl = 19500 ft/sec, r, -10200 ft/sec and E = 
56800 psi 

with or so chosen that the maximum height 
of the scab is given to be say 0-75 inch 
which means that 

( 1 - f ) = 075 

We obtain for the primary scab the 
parameters; 

Mass of scab = 3-5 lbs. 

Velocity = 263 ft/sec. 


These are reasonable figures compared 
with obsenation 



Progress of wavefronts before rcflectiori 




SCAB 


Fig^ 4^ At>picalscab 


Armaments 

In recent years, new developments in 
the field of armaments have been in the 
fields of rockets and missiles I do not refer 
to the vanous developments in the more 
conventional armaments for lack of time. 
Now.a-days, practically all types of 
weapon carriers are equipped with ro¬ 
ckets or missiles—be they guided or other¬ 
wise The missile could be from surface-to 
siKface, surface-to-air, air-to-surface or 
air-to-air 

The five major components of any missile 
are airframe, propulsion system, guidance 
and control warhead and power supply, 
each of which can be developed only 
within certain scientific limits and limi¬ 
tations. The scientific limits play an 
important role in the overall design of 
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the missile system since the performance 
characteristics of the various components 
of the missile system are mutually inter¬ 
dependent; the limits and limitations of 
each component are further enhanced 
when they are developed into an inte¬ 
grated system For example, the size of 
the guidance equipment affects the size 
of the airframe. Increased airframe size 
results in greater weight and drag, which 
in turn raises the thrust, weight and size 
of the propulsion unit and further increa¬ 
ses the gross weight But greater gross 
weight demands larger aerodynamic for¬ 
ces so that the required manoeuvrability 
may be maintained Greater aerodynamic 
forces are obtained by increasing the size 
of the wings, thus further increasing the 
gross weight This expanding process 
will continue until some compromise is 
achieved; but a satisfactory solution is 
not likely to be reached unless the limi¬ 
tations on the various characteristics of 
each pertinent component are studied 
separately and jointly. 

Besides these scientific limits, the military 
requirement of the missile system also sets 
an upper and a lower limit on its design 
parameters The upper and the lower 
limits are the ‘desired level’ and the ‘mini¬ 
mum acceptable level’ of performance 
The desired level represents the best 
estimate of what the military planners 
believe is necessary to achieve unquestioned 
military superiority in a given area of 
interest whereas the minimum acceptable 
level represents a capability which military 
planners beheve is still useful enough to 
justify the weapon system cost 

The military and the scientific require¬ 
ments of a missile system set the limits 
on its various design parameters such as 
its effectiveness as a weapon, manoeuvra¬ 
bility, firing rate, reliability, missile size 
and weight, combustion characteristics 
of the propulsion system, cost, safety, etc. 
To illustrate on this point, I cite a few 
examples for the limits on the combu¬ 
stion characteristics of a solid propellant 
rocket. 


There are some special combustion pro¬ 
perties which sometimes impose major 
limitations on rocket design. Such charac¬ 
teristics as the combustion limit, pressure 
limit and temperature limits are considered 
below 

(i) Combustion Limit • If a number of 
rockets identical except for the ex¬ 
haust nozzle throat diameter are 
fired, a graph such as the following 
can be plotted showing the chambei 
pressure as a function of the throat 
diameter (Fig 5) It is found, as might 
be expected, that the pressure decreas¬ 
es as the throat diameter increases. 
However, when a certain throat 
diameter is exceeded, the chamber 
pressure is found to be far below the 
pressure predicted from an extrapola¬ 
tion of the high pressure poition of 
the curve The pressure corresponding 
to this critical diameter is called the 
combustion limit Thus it appears 
that a given propellant cannot be 
used at an arbitrarily low pressure 
above the combustion limit if repro¬ 
ducible performance from unit to 
unit IS to be obtained When low 
overall rocket weight is desirable a 
high combustion limit is a serious 
disadvantage, since the weight of the 
walls of the combustion chambei is 
essentially proporticmal to its volume 
and to the design chamber pressure 

The combustion limit of some 
extruded double base propellants is 
about 500 Ib/in®; that of cast asphalt- 
potassium perchloiate propellants 
about 1000 Ib/in^ The composite 
propellants have a combustion limit 
not exceeding 100 Ib/in^ The ccm- 
bustion hmit of the straight nitro¬ 
cellulose propellants frequently used 
in guns exceeds 5000 Ib/in^. 
Therefore, N C. propellants are not 
suitable for rockets 

(ii) Pressure Limit: Some propellants may 
safely be used only below a critical 
chamber pressure, this pressure being 
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Fig, 5 


called the pressure limit. If the 
pressure limit is exceeded, the pro¬ 
pellant burns in a \’ioIent and 
unpredictable manner Bntde propel¬ 
lants with a granular structure are 
particularly subject to this effect For 
most of the commonh' used rocket 
propellants, the pressure limit 
exceeds 5000 Ib/in^ and therefore, 
does not constitute a problem in 
rocket unit design 

It is observed that, when the pressure 
in a rocket motor decreases below a 
certain critical value, the chamber 
pressure may fall suddenly to atmos¬ 
pheric and the charge ceases to burn 
At times, however, the charge 
reignites after a delay lasting from a 
fraction of a second to many seconds 
and a new period of normal burning 
follows. This cycle may be repeated 
a number of times, leading to a series 
of explosions or ‘chuffs’. 

(iii) Temperature Limits: Special hmita- 
tions on the temperature range within 
which a rocket may be used are 
sometimes introduced by a change 
of mechanical properties of the pro¬ 
pellant with temperature. Certain 
types of propellants, those having 
thermoplastic fuels, may soften and 


deform sufficiently when stored at 
high temperature so that an abnor¬ 
mally large burning area is exposed 
Upon Ignition, the resulting high 
chamber pressure may cause failure 
of the unit Some double-base pro¬ 
pellants may soften sufficiently at 
high temperatures so that the large 
pressure gradient along the charge 
which IS present m radial burning 
units, may cause the charge to break 
up, exposing a large burning area, 
leading to failure of the unit At 
sufficiently low temperatures, some 
propellants may become so brittle 
that they shatter upon ignition of the 
charge The large burning area 
exposed in a failure of this kind may 
lead to a violent explosion Improve¬ 
ment of temperature limits is a 
continuing task in propellant 
development 

Besides these limits, there are various 
others which are required to be set for a 
stable burning of the propellant These 
limits are due to erosive burning, resonant 
burning, etc If these limits are not obser¬ 
ved, the propellant burning either stops, 
thus causing a rocket failure or the rocket 
blows off It IS not possible to consider 
these topics here because of their specialized 
nature 

Aircraft 

The aircraft, considered as a rigid body 
flying through the airspace, moves along 
paths that are determined by the aircraft’s 
inertia characteristics, the attraction from 
the earth’s gravitational field, the propul¬ 
sive forces generated by its power plant, 
and the aerodynamic forces and moments 
created on it because of the reaction 
between it and the air through which it 
moves The forces and moments created 
on the aircraft are functions of the velocity 
of the aircraft, density of the air through 
which it flies, the geometry of the aircraft 
and finally the angle that the relative 
wind maJees with the aircraft. 

The paths along which the aircraft can 
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fly in the airspace are limited by the 
aerodynamic characteristics of the aircraft, 
Its propulsive system and the structural 
strength of the airframe These limitations 
indicate the maximum performance and 
manoeuvrability of the aircraft. If the 
aircraft is to realize maximum utihties, 
it must be safely controllable by the pilot 
to these limits without exceeding his 
strength and without requinng acrobatic 
abilities on his part 

If the aircraft is to fly steadily along any 
arbitary flight path within its aerodynamic 
or strength limitations, the forces acting 
on it must be in static equilibrium if the 
path IS a straight one and in dynamic 
equilibrium if the flight path is curved or 
accelerated in any way The four funda¬ 
mental forces controlling the equilibrium 
of the aircraft are the weight, lift, drag and 
thrust 

For the given shape, size and velocity of 
the airplane and the given properties of 
surrounding air (density, v’scosity, elasti¬ 
city and turbulence), there is an upper 
limit on the lift and a lower limit on the 
drag Similarly, for a given propulsive 
system and its efficiency there is an upper 
limit on the maximum thrust, that can 
be attained The efficiency of the propul¬ 
sive system, of course sets an upper limit 
or the thrust, produced per unit of fuel 
consumption The limits on the lift, drag 
and thrust forces in turn set the limits on 
the speed, rate of climb, time to climb, 
range and take-off of the airplane. I shall 
now touch upon some of the limits which 
a designer comes across in the study of the 
dynamics of an aircraft 

For the level flight of an aircraft, the 
weight has to be balanced by the lift 
The lift is dependent upon the velocity; 
therefore, there is a minimum speed that 
the aircraft must have before it can take¬ 
off This minimum speed demands long 
runways. Since long runways cannot be 
provided for many missions particularly 
in defence, the problem has been tackled 
in two different ways. Firstly, helicopters 


were invented where the lift is provided 
by the propellax itself. But these propellars 
cannot provide too much power because 
of the aerodynamic limitations and hence 
the speed of a helicopter is limited The 
other method for short runways led to the 
development of STOL (Short take-off 
and landing), VTOL (Vertical take-off 
and landing) and JATO (Jet assisted take¬ 
off) types of aircrafts 

When the aircraft manoeuvres, the centri¬ 
fugal forces, so set up, put an extra load 
on the aircraft structure For tighter turns, 
therefore, the aircraft structure has to be 
stronger The strength of the structure of 
any particular aircraft, therefore, sets an 
upper limit for the manoeuvrability of the 
aircraft Further, the tighter turns will put 
extra loads on the pilot also Therefoie, 
the physical capability of a pilot to with¬ 
stand such loads sets an upper limit to 
the manoeuvrability of the airciaft and 
lead to the development of Anti g suits 

Aircraft engine depends upon the air- 
supply for its working As we go higher, 
the air becomes rarer setting a ceiling 
height to the proper functioning of any aii- 
craft engine Thus, there is a limit of 
height to which any aircraft can go Be¬ 
sides this, since the fuel capacity of any 
aircraft is limited, the total distance which 
may be covered by the aircraft or the total 
number of flying hours without refuelling 
gets restricted 

Gommiinications 

The two most important defence communi¬ 
cation systems are a radar and a sonar 
which respectively use the radio waves 
and the sound waves as the means of com¬ 
munication. The ultimate limits on the 
communication speeds of radar and sonar 
are set bv the speeds of radio waves, velocity 
of light and sound waves respectively. It is 
almost impossible to achieve these hmits 
because of several other important cons¬ 
traints. In weapon system, a radar or a 
sonar works in combination with other 
system elements such as human operators, 
the carrying vehicle (ship, aircraft or 
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missile) and its associated piopulsion, 
navigation, armament, flight contiol, 
support and data processing systems. The 
limitations of these system components, 
in fact, determine the limits of achievable 
communication speeds 

The operational requirements and the 
technical feasibility of a communication 
system (radar or sonar) will set the limits 
on such specifications as its range, coverage 
angle, information accuracy, system reli¬ 
ability, information handling, transfer and 
display, etc 

An idea about some of the limits can be 
obtained from the case of radar system 
samplmg frequencies (transmitted band¬ 
width, transmission periodicity and angular 
scanning frequency) which set limits on the 
resolution element size and the total 
unambiguous measurement interval of 
each coordinate—range, angles and velo¬ 
cities. For example, the transmitted band¬ 
width, which determines the rate at which 
radar system can collect pieces of range 
information, sets a lower limit on the 
width of the range resolution element of 
the radar. The transmission penodicity, 
which is defined as the fundamental 
repetition fii^quency of the radar signal, 
puts upper limits on the unambiguous 
range interval, unambiguous relative velo¬ 
city interval and the scanmng frequency 
The angular scanning frequency, which 
defines the minimum signal bandwidth, 
puts a lower limit on the velocity resolu¬ 
tion element 

One of the most formidable limitations to 
the usefulness of a radar is imposed by 
‘clutter’. Often a radar system sees too 
much, rather than too litde, the picture 
is confused by unwanted echoes, or clutter 
This can be made up of echoes from 
surrounding objects on the ground like 
hills, trees and buildings or echoes from 
the irregular surface of the sea or even of 
echoes firom storm clouds. It is this limita¬ 
tion of radar which makes it difficult to 
tra<^ a low flymg plane. Though this 
limitation is partially removed by doppler 


detection systems, the clutter problem is 
not eliminated completely. The reason 
is the doppler system is effectively 
applicable only to moving targets, and 
than only when the unwanted echoes 
from surroundings do not fluctuate so 
rapidly as to defeat the pulse-to-pulse 
comparison which is an essential part of 
the scheme Another limitation of the 
doppler system is set by target manoeuvres, 
which cause a shift in the doppler spec¬ 
trum This shift in doppler spectrum 
causes the signal to be greatly attenuated 
if the target doppler transists the filter 
band-pass range before the filtei has time 
to build up To avoid this situation one 
has to set a lower limit on the doppler 
filter bandwidth which turns out to be 
2a^ A where a is the acceleration and 
the wave lengfth. 

Though radar is very effective in air and 
space communications, its utility as an 
underwater communication system is 
severely limited due to the fast absorption 
of radio waves in water Because of this 
limitation of radar, the sonar is mostly used 
as an underwater communication system 

Human Endurance 

I have referred to some of the limits and 
limitations of technical devices used in 
defence Of great interest is the end¬ 
urance hmits of the human element, 
which depend upon his environment and 
the biological strain of adaptation to 
extreme conditions Man’s physical 
strength and mental activity are at their 
best only within certain hmits of climatic 
conditions and strains Beyond these limits, 
his efficiency lessens, while stresses and the 
possibility of disease increase 

The major elements of climatic environ¬ 
ment which limit human comfort and 
endurance can be categorized as: air 
temperature, humidity, air movement and 
solar radiation. The human endurance 
limits for extreme hot and cold climatic 
conditions are shown in Tables I and II 
respectively. 
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Table I: Endurance limits for extreme hot climate Air 
temperature (°C) in relation to relative humidity and 
average human endurance {Normal work cloths^ moderate 
activity^ moderate air movement^ men acclimatised) 


Average 

endurance 

(Min) 

Relative humidity (%) 

20 

50 

100 (saturated) 


°C 

°C 

®c 

300 

48-5 

39 7 

32 2 

180 

52 8 

42 3 

33 9 

60 

58 1 

45 8 

35 9 

40 

61 1 

47 3 

36 8 

30 

66 1 

50 0 

38 9 


Table II: Endurance limits undei extreme cold climate 
Tolerance time in min of average Indian soldien {li^hi 
activityl in shade 


ClothingH air insulation 

Air 

temperature 

(Clo units) 

—40 

-20 

0 

45 

80 

330 

— 

(Aictic clothing) 




35 

45 

100 

— 

(Heavy wuitei clothing) 




2 5 

28 

43 

174 

(Ordinary winter clothing) 





Endurance limits, of course, vary from 
individual to individual and also depend 
upon the degree of acclimatization 
Schematically it is shown in Fig. 6 



RELATIVE HUMIDITY •/• 

\ Iff 6^ Siluinilic hin(,lini iiu nuKx for nioiUrnii, /ono itih tbti mis 


Atmospheiic pressure puts another severe 
limit on human endurance Since atmos¬ 
pheric pressure vanes with altitude, there 
are limits to the altitude at which exertion 
such as climbing can occur and there are 
Emits to which a person may be safely 
carried without his exertion As foi 
example, shght anoxia symptoms may 
appear at about 8,000 ft The peril of 
oxygen lack first anses between 10,000 and 
20,000 ft The limit of consciousness while 
breathing pure oxygen is not known but 
IS not far about 45,000 ft Though the 
modem aircraft has pressunsed cabins, 
the above limits become very' important 
undei the conditions of war where the 
aircraft may be damaged and de- 
compressuiised oi the pilot has to eject 
himself from a falling aircraft 

High speeds such as are encounteied m 
supersonic aircraft, space vehicles, etc., 
do not pose any problem for human end¬ 
urance, so long as the velocity lemains 
constant However pilot’s endurance is 
veiy much limited when his airciaft is 
accelerating, decelerating, turmng or man¬ 
oeuvring In such situations, he encounters 
acceleration stress which may affect his 
endurance even if it lasts for a second or 
so These acceleration stresses arc usually 
referred to as ^-limits which may be positive 
or negative The terms positive and nega¬ 
tive g are used respectively to designate 
whether the force is acting from head to 
foot or from foot to head. 

Apart from the sensation of increased 
weight, the earliest effect of positive 
acceleration are related to vision A genei- 
alised veiling with apparent loss of contrast 
leads to a progressive impairment in the 
extent of the visual field. High accelera¬ 
tions above about 4 g produce further 
narrowing of the field until central vision 
is also lost, a state known as ‘black out’. 
With further increase in the acceleration 
by 0 5 to 1 j', consciousness is also lost. 
The time-^ endurance for postures in 
negative and positive acceleration are 
shown in Fig 7. 
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I have dealt on a few problems of defence, 
looking at them from the point of view of 
physical, chemical and biological limits. 
For obvious reasons, I have not dealt 
with nuclear weapons as they form a class 
of ultimate weapons of destruction Hans 
Bethe wrote on the problems of the use 
of anti-balhstic missiles in the Scientific 
Ammn of 1968 I would refer you to this 
paper for more details 

Defence Science requires the help of all 
laboratories and industry in the country 
For this collaborative effort tc be effective, 
the problems have to be clearly identified 
If considered from a point of view of basic 
hmits, there is no question of secrecy or 
classification and our Raksha Mantn has 
often stated that a considerable part of 
defence is unnecessarily classified With this 
attitude, it should be possible for more 
scientists and laboratories to volunteer to 
play a positive role in the indigenous design 
and development of defence equipment for 
the country This would be a,great con- 
tiibution to the Nation and a more 
economic way of looking at the defence 
effort. 



Professor Vulimiri Ramalingaswami, FNA* 

(Elected to the Fellowship 1973, President, 1979-80) 
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Rameshwar Das Birla National Award 
(1980). 

Professor Ramalingaswami described the 
syndrome of Protein-Energy Malnutrition 
in young growing children and eluci¬ 
dated its pathology and pathogenesis, 
reproduced the human disease in the non¬ 
human primate model and studied the 
patho-physiology of this form of mal¬ 
nutrition including its effects upon 
immunological reactivity and cell proli¬ 
feration kinetics; identified the aetiology 
of Himalayan endemic goitre and demons¬ 
trated its prevention by the use of lodated 
salt in the Kangra Valley (HP); described 
the essential pathology of the hver in 
Indian Childhood Cirrhosis and identified a 
new syndrome of portal hypertension 
masquerading as cirrhosis of the hver but 
with bettei prognosis and discovered its 
essential pathology, identified the major 
aetiological factors of Nutritional Anaemia 
as one of iron deficiency and demonstrated 
Its value in the prevention of nutritional 
anaemia in pregnancy and has made signi¬ 
ficant contributions to the reorientation 
of medical education to suit the health needs 
of de\ eloping countries 


* Address. Director General, Indian Council of Medical Research, Ansari Nagar, New Delhi 110029. 



HEALTH AND FAMILY PLANNING-ISSUES IN THE EIGHTIES 

V Ramaungaswami 
(delivered at Calcutta 1980) 


The Present Scene 

The rate of growth of our population is 
the most momentous issue of our times. On 
a rough calculation, it can be estimated 
that if the present rate of growth were to 
continue, our population would double 
Itself in 37 years^. It would reach a figure 
of 1270 million people by the year 2015. 
This would represent a four-fold increase 
over the 1941 figure of 318 millions This 
increase would have taken place in a space 
of 74 years. Its effects on population 
density, adequacy of food supphes, nutri¬ 
tion, housing, employment, and human 
development and well-being as a whole, 
are too depressing to contemplate. It was 
in 1951-52 that we in India adopted a 
programme of planned development so 
as to enable each individual to develop 
and grow optimally and achieve his 
maximum genetic potential At the same 
time, we adopted officially family planning 
as an instrument of planned development. 

Much has been achieved since then. Both 
death rates and birth rates have been 
coming down Life expectancy has been 
increasing Small-pox has been eradicated. 
Cholera has lost much of its fury. The 
expectation of life at birth improved from 
about 32 years during the 40’s to 50 
years during the 70’s. A vast infrastructure 
for health care and family planning services 
has been developed. A network of Pnmary 
Health Centres and Sub-centres has been 
established in the rural areas. The Com¬ 
munity Health Worker Scheme, added 
recently, has now taken the health in¬ 
frastructure down to the village level 
The training of doctors, nurses and other 
agents of health care delivery has been 
taken up on an unprecedented scale. 
There is now on an average, taking the 
country as a whole, one doctor for every 
4,000 of the population. In so far as family 


planning is concerned, the programme 
started as a modest effort in the early 
50’s to provide advice to those who 
sought such an advice but the programme 
gained momentum with successive Five- 
Year Plans so that the Fourth Five-Year 
Plan adopted a demographic target of 
bringing down the birth rate from an 
estimated 38 per thousand to about 25 
per thousand by the end of the Fifth Plan. 

Despite impressive pi ogress made so far 
both in the field of health and family 
planning, failures have been many and 
the present situation is serious and calls for 
urgent attention. The rate of fall in infant 
mortality rate has slowed down and the 
rate itself still remains high for the country 
as a whole. Even more striking are the 
vast differences in infant mortality lates 
between different parts of India, ranging 
from 165 per thousand live births in the 
rural areas of UP to 55 in the rural aieas 
of Kerala. The outreach of services to the 
most vulnerable segments of the popula¬ 
tion and to outlaying areas is still vciy 
unsatisfactoiy. The imbalances between 
curative and pievcntive seivices continue. 
There is considerable distortion of health 
manpower structure and there is still a 
great deal of over-centrahsation of autho¬ 
rity and compartmentalisation of services. 

As against a target of achieving a birth 
rate of 25 per thousand by the end of 
Fifth Plan, the Plan ended with the birth 
rate of 33 and the birth rate came down 
only by six points over the preceding 9 
years. The revised target is to bring down 
the birth rate to 30 per thousand by 1983. 
This would involve an increase in the 
proportion of eligible couples protected 
from 24 per cent to 36 per cent. The 
presently estimated rate of growth of 
population is about 1*82 per cent per 
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annum as against a rate of 2-24 per cent 
during the 60’s. The situation is further 
compounded by the fact that even if we 
succeed in implementing a more vigorous 
family planning programme, a sharp 
increase in the age group 15 to 59 years 
from about 54 per cent in 1978 to about 
59 per cent in 1991 seems to be inevitable. 
This structural change imposes consider¬ 
able strain on employment and will also 
result in an increase in the population in 
the reproductive age group—an increase 
which is faster than the rate of growth 
of population in general, thus carrying 
over a substantial demographic momen¬ 
tum. No matter what we do, more 
population is in store for us up to the 
end of this century. 

A Long-Term Programme 

It is obvious that we should plan for a 
long-term programme aiming at a 
stationary population at the lowest possible 
level A net reproduction rate of unity 
should be achieved in the minimum 
amount of time as the Working Group on 
Population Policy of the Planning Com¬ 
mission (1979) has recently suggested This 
could be achieved by the year 2,000. A 
net reproduction rate of 1 means that on 
an average a woman will be replaced by 
just one daughter and the two-child-family 
will be the norm in the society. It is 
estimated that by the year 2000, life 
expectancy for both males and females 
will be in the neighbourhood of 64 or 65 
years How is this goal to be achieved? 

First and foremost, the concept of family 
planning should permeate all activities 
of Government and voluntary organisa¬ 
tions and all forms of safe and effective 
contraception shall be promoted depend¬ 
ing upon the choice of each family. The 
inseparability of family planiung from 
health services in general, especially from 
maternal and child health care, should be 
realised. Legislation of age at marriage, 
women’s education, and women’s status in 
society, population education both for 
adults and in schools and universities, 
activities designed to enhance motivation 


of couples and linking of financial grants 
to States with contraceptive performance 
are some of the known strategies that 
could be implemented more effectively in 
the future. 

Health Risks of High Fertility 

Family health and family planning are 
inseparable and mutually reinforce each 
other. The health risks associated with 
uncontrolled births are well known Both 
in developed and developing countries, the 
evidence is quite strong regarding the 
adverse effect upon mothers and children 
arising out of pregnancies that are too 
many and too close. High foetal losses, 
high prevalence of malnutrition and poor 
physical and possibly intellectual develop¬ 
ment, high mortality amongst mothers and 
infants, later development of cancer of the 
cervix of the uterus in mothers, are well 
known mamiestations of high and un¬ 
controlled fertility High infant and child 
mortality are compensated by excessive 
fertility and this acts as a vicious cycle. 
Pregnancies taking place too early, too 
often, too close and too many leave behind 
washed out, anaemic and crippled mothers 
The nsk of poor childhood outcomes is 
high for children of very young mothers of 
high parity. Children in Asia and Near 
East born within a year of their previous 
sibling are 2-4 times as hkely to die as 
children born 3 or more years after 
previous birth^. A short birth interval 
and high parity are detnmental to the 
health of the mother and child Low 
maternal attention, increased crowding 
and poor hygienic conditions are accom¬ 
paniments of high fertility in poor com¬ 
munities There is thus a health rationale for 
family planning even if one does not consider 
the much wider development rationale. It 
would appear that one of the surest ways 
of retarding the development of a nation is to 
allow population growth to proceed unchecked. 
Public health and public nutrition are best 


®Omran, AR, and Standley, CG (Eds, 1976). Family 
Formation Patterns and Health, an Memational Colla¬ 
borative Study in India, Iran, Lebanon, Phtllifipines and 
Turkey. World Health Organisation, Geneva. 
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served by an effective programme of 
family planning. Family planning should 
be regarded as a part and parcel of good 
quahty health care particularly those 
services aimed at reducing the rate of 
maternal and child mortality and 
morbidity. We in our country have 
adopted this policy now and given up the 
concept of spreading family planning 
through uni-purpose, family planning 
activities There is, however, a potential 
danger involved in this which must be 
clearly perceived and corrective actions 
taken. If family planning is made an 
essential component of maternal and child 
care services and if the maternal and 
child care services themselves are not 
properly developed, the family planning 
programme will also go down the drain. 
It IS, therefore, of the utmost importance 
that health care delivery facihties parti¬ 
cularly for mothers and children are 
developed rapidly. The concept of conti¬ 
nuity of care should be generated and the 
positioning of services as close to the people 
as possible should be ensured Family planmng 
services run solely as such, remained 
isolated. They must be combined with 
nutrition, health, education, and other 
types of developmental activities at the 
village level. 

Integration of Health and Family 
Planning Services 

The central hypothesis in our family 
planning strategy is that success in family 
planning is best achieved economically, 
rapidly and endunngly through the provision 
of an integrated, comprehensive health and 
family planning service at the sub-centre and 
village level. Several experiences have 
shown that in the Indian context this is 
indeed a valid hypothesis. I have often 
said that the triad of malnutrition, com¬ 
municable diseases and uncontrolled ferti¬ 
lity constitute the sub-stratum of most of 
tropical pathology. These factors need to 
be understood and their inter-relation¬ 
ship carefully evaluated if we are to design 
an appropriate strategy for generating 
continued motivation for family planning. 
Perception about chances for cluld survival 


is basic to generation of positive attitudes 
towards family planning. Such a percep¬ 
tion leads to motivation for family planning 
if advice and a wide variety of contracep¬ 
tive services are available readily. But as 
I said earlier, it would be counter productive, 
indeed, self-defeating, if the vast network of 
family planning services are anchored around 
weak and tottering public health stations, 
which remain aloof and alienated from the 
people The health services must fulfil 
the daily needs of people living in rural 
areas and take care of illnesses of people 
in their homes and farms—a system of 
medical and environmental care that is 
given within the social matrix of com¬ 
munities where illnesses are dealt with at 
their origin The reality is that sicknesses 
exist in abundance It is through providing 
an effective medical care programme to 
the obviously sick that bridges can be 
established for preventive work in the 
future and for generating health conscious¬ 
ness as a way of life of people It is quite 
possible that the treatment and rehabilita¬ 
tion of sick children with marasmus or 
saving children with meningitis that would 
generate confidence and provide a window 
to the family planning programme 

The Auxiliary Nurse Midwife 

The Auxiliary Nurse Midwife (ANM), 
now called Female Basic Health Worker at 
the sub-centre together with the indigenous 
Dai at the village level, supported by 
the Physician at the Primary Health 
Centre constitutes the corner stone of 
maternal and child welfare services and 
of the family planning programme. The 
ANM and the indigenous Dai acting in 
a complementary fashion (but not in a 
competitive fashion) provide a basic 
mechanism for improved rural and mater¬ 
nal child health care. It is the training of 
the ANM and the Dai that is of para¬ 
mount importance for the success of the 
family planning programme. A health 
educator, a rudimentary physician, a 
social worker, a preventive person, all 
compounded into one is this ANM. She 
is the person concerned with the vital 
events from the beginning of life to the 
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time, when the cliild is able to go to 
school. 

The International Year of the Child 
(lYC) has come and gone. If the lYC 
and the Alma Ata Declaration are not to 
be mockeries, we need to develop forthwith 
a framework for systematic and continuing action 
on behalf of mothers and children —action at 
national, local, and intermediate levels, 
action to bring about lasting improvements 
in the services for mothers and children. The 
child is linked to the mother genetically 
and socially. The mother and child 
constitute a sub-unit of the family Forces 
deleterious to child health and child 
welfare produce diverse effects. These 
forces need to be tackled on a multiple 
front involving economic and social deve¬ 
lopment planning in addition to purely 
sectoral programmes of maternal and 
child health. We need a frame-vvork/or a 
spectrum of social development if we are to 
tackle the problem of child health and 
open a chapter of family planning becoming 
a way of Ife of the people A horizontal 
approach cutting across sectoral pro¬ 
grammes for multiple health and family 
planning outcomes is necessary This may 
not preclude altogether the adoption of a 
vertical approach where appropriate 
technology exists and a high cost benefit 
ratio is obvious, or where an acutely felt 
need by the people can be fulfilled. 

Contraceptive Technologies of the 

Future 

The demographic irrationality of our times 
has to be tackled both on scientific and social 
fronts. Population poliaes are not a numbers 
game but a question of quality of life of the 
present and the future generations. In so far 
as technology itself is concerned, we need 
a more appropriate technology —“fl low cost 
technology aimed at helping to meet the most 
basic needs of the poorest people in the world.” 
The technology itself must sub-serve the 
basic aims of family planning in the best 
interests of the mother, child and society. 
There is already a wide range of choices 
that are available for family planning. 
By using the existing technologies in a 


purposeful mannei, sevral countries have 
shown that in spite of their poverty and 
underdevelopment, they can bring down 
birth rates over a relatively short period 
of time in a significant manner. So also the 
health status of the population can be 
improved substantially by an imaginative 
application of existing knowledge and 
technologies through political will. It is not 
so much more effective contraception we are in 
need of as more acceptable and more continuous 
contraception. A judicious mixture of the 
use of specific contraceptive technologies 
within the framework of Pnmary Health 
Care and overall developmental efforts 
is what we should aim at. 

What is known in the field of contraception 
cannot be fully applied because of defi¬ 
ciencies in our delivery strategies. The 
irony is that there are millions upon millions of 
men and women who wish to limit the number 
of their children but w'ho, for a vanety of 
reasons, are unable to utilise the avail¬ 
able technologies 

There are those who argue that wc possess 
adequate technology for the control of 
fertility today and that all we need to do is 
to systematically apply those technologies 
There are others who argue that there are 
many serious deficiencies in our knowledge 
of the fundamental aspects of conception 
and transmission of hfe, of the mode of 
action of contraceptive agents and of the 
long-term sequelae of contraceptive agents. 
They say that we need to do more research 
to evolve better, safer, and more effective 
contraceptive agents As usual, the truth 
lies in between these positions It is no 
doubt true that we possess today some 
effective methods of contracepticn which, 
if applied with a political and social will, 
can produce significant results in the con¬ 
trol of human fertility. It is also true, 
however, that continuing rates are low, 
that side-effects are many and that there 
may even be significant metabolic cons- 
quences. The need for research on the 
effects of contraceptive agents on the 
malnourished and parasite-ridden popula- 
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tions of developing countries is particularly 
clear. 

What is needed is something that works, 
something that is easily accessible, of low cost, 
IS long-acting and is reversible. Whatever 
method is developed, preservation of privacy 
in a village home setting, should be regarded 
as an essential criterion. The search of 
choices needs to be broadened and it is not 
fully appreciated that even for a single 
person, variety of effective contraceptives 
needs to be offered which are appropriate 
to each phase of a woman’s child-bearing 
cycle The use of setting must be kept 
constantly m mind The environment of 
maternal and child health services is 
suitable for provision ol' these seivices 
in a kind and humane manner. 

The research canvas for the future 
development of contraceptive technology 
is very wide but the full picture is as yet 
not clear. At present, it takes 15 years or 
more to develop a new fertility regulating 
agent The question of short-term and 
long-term toxicity, ethical considerations 
involving the use of new drugs and devices 
on human subjects, the costs involved often 
running into several million dollars for 
producing a single agent, all these factors 
need to be kept in focus when one thinks 
of new contraceptive technologies. Those 
that are to be used on a large scale at the 
end of this century should already be in 
the pipeline today What then are the 
prospects? I am not crystal gazing but 
along with Dr Egon Diczfalusy®, I would 
reflect briefly upon the future possibilities 
in contraception. Oral coniracepUves in the 
form of combination pills can and do give ade¬ 
quate contraceptive protection if taken regularly. 
During the next decade, a major develop¬ 
ment that can be foreseen in this field is to 
obtain more objective and precise estimate 
of the relative risks in various population 
groups with special reference to tumours 
of the breast, uterus and liver, throm¬ 
boembolic complications and increase in 


®Dic 2 felusy, E (1979) Future methods of fertility 
regulation. Int.J. Gynaec. Ohstel., 16 , 571-578. 


blood pressure. We also expect to have 
more concrete information on the metabo¬ 
lic alterations in the carbohydrate, fat, 
mineral and vitamin metabolism following 
long-term use of oral contraceptives We 
would have more data on the effect of 
these pills on lactation and transfer of 
steroids to the infant through mother’s 
milk. The inter-relationship between oral 
contraceptives, pre-existing malnutrition 
and various endemic paiasitic diseases 
should be clarified. 

With regard to long-acting contraceptive 
methods, we expect to have a better under¬ 
standing of the bleeding problems 
associated with long-term injectable 
contraceptive 

The decade of 1980s could see the intioduc- 
tion of a second generation of medicated 
intrauterine devices (lUDs) which would 
reduce menstrual blood loss, intermens- 
trual bleeding, ectopic pregnancies, pains 
and expulsions High priority would be 
given to develop a special post-placental 
device with can be inserted immediately 
after the delivery of the placenta This, 
m fact, is a problem in our post-partum 
programme which should receive the 
highest priority 

With regard to abstention through the use of 
rhythm methods, further progress would he 
in a better understanding of the relation 
ship of various hormonal parameters with 
the exact time of ovulation It is not 
unlikely that a simple, “do it yourself” 
enzyme immuno-assay kit of the dip stick 
type may become available to assess more 
correctly the predictability of the forth¬ 
coming ovulation in advance by a 
minimum of 3-4 days. 

In so far as the so-called menses inducers are 
concerned, it is likely that the intra-nasal 
administration of hormonal preparations 
such as various LH-RH analogues and 
steroids may turn out to be as suitable as 
vaginal suppositories releasing prostaglan¬ 
din analogues for this purpose. It would, 
of course be u matter of the highest priority 
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if orally active prostaglandin pills could 
be developed. 

A revival of interest in agents derived 
from indigmous mi traditional systms of 
medtcm which act orally as uterotonic 
agents and thus as menses inducers, can be 
seen at present time. 

One of the important features of a 
favourable contraceptive technology today 
IS that it focuses largely on the female 
A suitable method for male contraception 
needs to be developed and this depends 
upon our understanding of male reproduc¬ 
tive biology. Perhaps, there will be a 
major shift in our research from com¬ 
pounds that inhibit spermatogenesis to 
those compounds which interfere with 
sperm maturation, metabolism and 
motility. New synthetic steroids which 
have specific speimiostatic effect and 
certain halogenated sugars which interfere 
with sperm metabolism may turn out to 
be the likely candidates 

With regard to anti-pregnancy vaccine, 
more research on toxicological aspects 
of this mode of delivering contraception 
would be done More knowledge would 
be available for a better understanding 


of the variation of antibody titres as well as 
duration of effect and its reversibility. 

The decade of eigthties should witness 
mprommts m the sur^^ical and chemical 
techni(}ues for sterilization as well as 
improved availability of reversible 
methods 

When all this is done, there will still 
remain the problem of our ability to 
utilise the new technologies in a socially 
and culturally acceptable manner The 
reductionist approach of science and 
specialisation are essential for progress, 
but disease is often multifactorial. Our 
precious laboratory findings must be 
integrated into a holistic framework. 
Biomedical and socio-medical research 
must develop increasing collaboration It 
IS futile to quib over basic and applied 
research. The future lies in broadening 
the horizon of inter-play of scientific and 
human experiences and of trans-discipli- 
nary synthesis As I said recently at a 
Congress on Advances in Contraceptive 
Technology (1978), what we need is a 
contraceptive bicycle that can penetrate rural 
areas and reach the homes and farms of 
people, rather than a contraeeptwe Cadillac 
that has to remain largely on the highways 



MODERN BIOLOGY AND MEDICAL ADVANCE 
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The Indian National Science Academy 
has taken some initiatives in the past few 
years for the promotion of molecular 
biology and its offshoots—recombinant 
DNA, and hybridoma technologies. I 
believe that these developments in modern 
biology hold great promise for the im¬ 
provement of health conditions throughout 
the world, especially of the problems of 
communicable diseases and excessive popu¬ 
lation growth that continue to bedevil the 
developing countries Indeed, the possible 
benefits are likely to extend far beyond 
medicine and health into wider fields 
such as industrial chemistry, pharmaceu¬ 
tical industry, agriculture, energy 
production and even mining They have 
profound implications for the future of 
man 

Fundamental biology has made greater 
strides during the past quarter of a 
century Our knowledge of cellular and 
molecular functioning is now quite pro¬ 
found Ruthless reductionism, the essential 
pathway of science, has paid handsome 
dividends The newer techniques of 
molecular biology, cell biology, genetics 
and immunology have played a key role 
Concentration on simplest models such as 
viruses, bacteria and cells isolated from 
complex organs was of strategic impor¬ 
tance Of particular significance was the 
ability to separate pure populations of 
single species of molecules and even cells 
from complex and largely uninterpretable 
mixtures. As a result, we now have deeper 
insights into the structure and organisation 
of the constituents of life processes, of the 
evolution of form and function in living 
organisms, of differentiation of cells and 
of genetic polymorphism. Perhaps within 
this decade, we will see a much more 
elaborate and sophisticated picture of the 
chemistry of life, 


The breathtaking events in molecular 
biology in the past few years have come 
sooner than anticipated Hybridoma tech¬ 
nology is no more than five years old, and 
the recombinant DNA technology is no 
more than seven years old. It is now 
obvious that it is possible to reorder genetic 
material at will, and to grow unlimited 
copies of genes of humans and animals in 
bacteria Bacteria can be manipulated to 
synthesise biological materials that evolu- 
ticn has assigned exclusively to be made 
by the human species We can now say 
that modern biology will exert a conside¬ 
rable influence on the health and well¬ 
being of mankind in the years to come 
(Stoker 1980, Ramalingaswami 1980b) 

The first intellectual bonuses—the 

human growth hormone, insulin 

and interferon 

The first intellectual bonuses came when 
It became obvious that scarcely available 
substances such as human insulin and 
human growth hormone could be made by 
bacteria through the gene cloning tech¬ 
niques apparently in unlimited quantities. 
Human insulin and human growth hor¬ 
mone have already been made in the 
laboratory by the recombinant DNA 
technology. So also, human interferon, the 
glycoprotein which seems to be the key 
immuno-regulatory signal for the Natural 
Killer (NK) cell activity (Bloom 1980). 
The growth hormone gene was inserted 
into E coli and the bacteria were made to 
synthesise the hormone. This recombinant- 
derived human growth hormone was able 
to produce the same amount of growth in 
growth hormone-deprived animals as 
natural growth hormone isolated from 
human pituitaries. This should provide 
almost limitless supplies of this hormone 
for treating growlii failure in children and 
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perhaps also for improving the healing of 
wounds and fractures. 

The human insulin produced, by genetic 
engmeenng compai'es very favourably with 
porcine insulin that is being used in 
clinical practice today when tested in 
healthy human subjects. Insulin-producing 
cells have been transferred successfully 
from rats to mice in whom diabetes has 
been produced experimentally and the 
diabetic mice have been restored to 
normal 

Interferon is being hailed as an extraordi¬ 
narily potent substance which protects 
against viruses and slows down growth of 
cells thus offering a tool for the treatment 
of cancer as well It is generally regarded 
as the wonder drug of tomorrow. Up until 
now this unique protein was so scarce that 
it cost 150 US dollars for a single dose and 
30,000 US dollars for a full course of 
treatment It was being produced by the 
traditional processes using human cell 
cultures. The possibility of genetically 
engineered bacteria producmg interferon 
in unlimited quantities is now estabhshed 
Apparently the low yields have now been 
improved considerably. There is a spec¬ 
trum of interferon proteins and a number 
of different genes code for them. A great 
deal of very careful clinical experimenta¬ 
tion to evaluate the usefulness of mterfering 
remains to be done. The world is waiting 
for the interferon story to unfold itself. 

Genes and minigenes 

Recent work has shown that the genes of 
animal viruses, and of animals including 
man occur in pieces spread out along the 
DNA. There is now a better understanding 
of how these genes occurring in different 
places are expressed. Each gene fragment, 
designated by Dr Gilbert, the 1980 Nobel 
Prize winner, as minigene probably codes 
for a functional part of a protein. Gene 
fragments probably code for specialised 
cell products like globin, insulin and 
antibodies. Gene regulation is now becom¬ 
ing more clearly understandable, 


Monoclonal antibodies 

Equally spectacular are the possibilities 
in the field of monoclonal antibodies pro¬ 
duced by hybridoma technology. They 
have a number of uses in the diagnosis, 
epidermological study, treatment and pre¬ 
vention of a wide variety of viral, parasitic 
and bactenal diseases. They would enhance 
organ transplantation capabilities by 
world-wide standardisation of tissue typing 
(Milstem 1980). Monoclonal antibodies 
would revolutionise the traditional methods 
of serological diagnosis and serum treat¬ 
ment. They would help in characterising 
the antigenic complexity of cell surfaces 
and detect differentiating antigens in a 
number of species. 

Monoclonal antibody is a well-defined 
chemical reagent that can be reproduced 
at will, in contrast to a conventional 
antiserum which is a variable mixture 
of reagents and can never be reproduced, 
once the original supply has been ex¬ 
hausted (Milstein 1980). These anti¬ 
bodies can identify new surface molecules 
and at the same time distinguish amongst 
cell population The monoclonal app¬ 
roach to characterising differentiation 
antigens makes it possible to find out the 
stage at which an antigen is expressed. 
The Cascade purification method is being 
applied to characterise the antigenic 
complexity of cell surfaces (Milstein 
1980). 

Monoclonal antibodies are replacing 
conventional anti-sera in standard kits 
for radioimmunoassay procedures. An 
extraordinarily wide range of applica¬ 
tions is envisaged including the study of 
receptors for hormones and neurotrans¬ 
mitter substances. A very major impact 
is likely to be exerted by the monoclonal 
antibodies being used as passive immunis¬ 
ing agents for protecting against a variety 
of infections. They would pave the way 
for the development of improved vaccines. 
They have already proved to be of immense 
value in the field of malaria and have 
been shown to provide protection in 
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animals against lethal challenges with 
malarial parasites. 

Because of their extreme specificity, the 
monoclonal antibodies can be used to 
identify and purify molecules of interest 
in almost any field of biology (Yelton and 
Scharff 1980). They allow one to be able 
to differentiate between strains of viruses 
(Gerhard et al. 1978, Koprowski andWitker 
1980). Hybridoma technology is a cell 
fusion technology which provides conti¬ 
nuous antibody forming cell-lines. 
Hybridoma cell is produced as a result 
of fusing an antibody producing with 
a tumour cell This hybridoma cell grows 
and divides endlessly and all the progeny 
from the original hybridoma cell secrete 
the same pure antibody (Cape 1979). 
They are extremely uniform and reprodu¬ 
cible. They have been made up to now 
by the mouse myeloma cells but they have 
just recendy been reported to have been 
made from human cells also. These 
antibodies can attach themselves to impor¬ 
tant sites on cell surfaces thus acting as 
guided missiles. The antibodies selectively 
attach themselves to certain cells and 
can deliver a dose of destructive material 
to these cells. The material can be a 
powerful anti-cancer drug or a toxin and 
the rest of the body tissues and cells are 
not affected. 

The challenge of tropical conununi- 

cable diseases 

It is in the control of some of the intractable 
tropical communicable diseases that I 
believe lies the real challenge to molecular 
biology. Confronted as we are with a situa¬ 
tion in which: a) Plasmodium falciparum, 
the most dangerous form of malarial 
parasite, is resistant to the most widely 
used anti-malarial—chloroquine; b) several 
species of mosquitoes that transmit malaria 
are resistant to the commonly used insecti¬ 
cides on which we are dependent today 
for mass use; c) for mass control of leprosy, 
we depend upon only one drug ‘dapsone’ 
against which the leprosy bacillus is 
showing increasing evidence of resistance; 
and d) we have only one effective micro- 


filaricidal compound, thio-carbamazine 
to fight filariasis—these reflect the techno¬ 
logical despair which surrounds the whole 
scene of control of tropical communicable 
diseases especially malaria, filariasis and 
leprosy It is through a better understand¬ 
ing of the biology of these parasites and 
microbes that we can hope to develop new 
strategies and new approaches for their 
control We have to understand the tricks 
that the parasites play. How do they avoid 
host defences? How do they acquire drug 
resistance? Modern biology should enable 
us to attack the vulnerable sites in the 
life cycle of these parasites. The technolo¬ 
gies that I have described should enable 
us to prepare pure parasite antigenic 
material Parasite genes coding for impor¬ 
tant antigens could be identified and trans¬ 
ferred to harmless bacteria, getting the 
bacteria to make the antigenic material 
which can then be used for diagnostic as 
well as prophylactic purposes Modern 
biology should enable us to block the 
attachment of parasites to specific host 
cell membrane receptors making it difficult 
for them to survive and multiply A drug 
may be linked to a molecular carrier 
preferentially homing to vulnerable sites 
in the parasite. Drug-liposome and drug- 
antibody complexity offers interesting 
possibilities 

Gene treatment 

There are possibilities in the future of being 
able to correct at least some genetic defects 
through the techniques of molecular clon¬ 
ing Single gene errors may be correctable 
Sickle cell anaemia is due to a single 
variation in a group of genes involved in 
the synthesis of haemoglobin. Gene treat¬ 
ment is in the realm of possibihty of mole¬ 
cular biology, but there is a long way to 
go from the present position to the repair 
of genetic defects in intact human beings 
Single genes have already been inj'ected 
into defective living cells in culture and 
have cured those cells of genetic defects. 

Modem biology in agriculture and 

industry 

Genetic engineering might make it possible 
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to increase the efficiency of photosynthesis 
and to improve nitrogen fixation. It may 
also be possible to identify genes that make 
plants more tolerant of saline than others 
The importance of this technology is 
obvious considering the problem of in¬ 
creasing salinity of our soils following 
irrigation The disposal of agricultural and 
industrial wastes could be accomplished 
with useful byproducts by the use of bio¬ 
technology Fermentation industry can 
benefit enormously by the gene splicing 
technology for large scale production of 
amino acids, nucleotides, organic acids, 
etc. It is possible to stitch into the DNA 
of industrial micro-organisms the human 
genes tc render the microbes capable of 
producing vast quantities of widely needed 
substances (Cape 1979). 

Chemical transformations m industry are 
normally performed at high temperatures 
and high pressures needing high inputs of 
energy The gene technologies will be able 
to accomplish the same thing with low 
energy inputs because the work can be 
done at room temperature and at atmos¬ 
pheric pressure The problem of wastes 
will probably be minimised in the bio¬ 
logical production systems 

Brain cheniistry 

There has been a quantum jump in our 
understandmg of brain chemistry in recent 
years Until 10 years or so ago we were 
‘limping along’ on a few classical neuro¬ 
transmitters, and electro-physiology was 
the main tool for studying brain function. 
No doubt much has been learnt by these 
techniques. Today, there are literally 
dozens of neuro-transmitters, neuro¬ 
peptides and neuro-hormones discovered 
which constitute the biochemical circuitry 
of the brain There are expectations that 
the endorphins and the encephahns may 
pave the way for a possible solution to 
intractable pain and drug addiction. There 
are hopes of a better understanding of 
human feelings and human behaviour, of 
learning and memory, of sleep and of 
various levels of consciousness. The brain’s 
medicine chest has been at least partially 


opened and this has unfolded the brain’s 
incredible chemical repertoire. Simul¬ 
taneously, there are major advances taking 
place m psychotropic drug development 
The screening of potential psychotropic 
drugs has moved from the laborious 
animal testing, the old black box approach, 
to the world of molecular biology. The 
assay of drugs for their effects on behaviour 
is done on isolated biain cells The area is 
undoubtedly full of promise for an under¬ 
standing of how the brain functions, but in 
terms of practical benefits to cater to the 
needs of ‘choose your mood’ society, one 
should not expect results around the corner 
(Gurin 1980). 

Hepatitis B vaccine and liver cancer 

I cannot let this occasion pass without 
referring to the developments leading to 
hepatitis B vaccine. The vaccine is itself 
the outcome of basic research in biology 
and clinical medicine. In October last 
year, a report by Dr Szmuness and his 
colleagues indicating the remarkable 
success of a carefully controlled hepatitis 
B vaccine trial in a high risk population of 
homosexuals in the United States has been 
regarded as a milestone in the annals of 
preventive medicine (Zuckerman 1980) 
Hepatitis B is of great public health 
importance in our country as well as in 
many developing countries It has been 
estimated that there are as many as 200 
million people who carry the hepatitis B 
virus in their blood, known as chronic 
carriers The vaccine contains 22 mm 
hepatitis B surface antigen particles which 
are derived from the plasma of healthy 
carriers and inactivated with formal¬ 
dehyde Infection with this virus can lead 
to a form of chronic liver disease includ¬ 
ing cirrhosis and there is also an association 
with pnmary liver cancer The work done 
by Professor N C Nayak in our country 
has shown the close association between 
primary carcinoma of the liver and the 
presence of hepatitis B surface antigen 
in nearly 100% of all cases of primary 
liver cancer both in our country and in 
Africa. The vaccine against hepatitis B can 
be of great value in protecting persons who 



V RAMAUNGASWAMI 


427 


constitute high risk groups against this form 
of hepatitis. These are persons who receive 
multiple blood transfusions and patients 
and staff working in the kidney trans¬ 
plantation and haemodialysis units. 

There is considerable evidence to suggest 
that infection with hepatitis B virus is an 
important precursor to the development of 
liver cancer. There is strong geographic 
correlation between hepatitis B infection 
and liver cancer and there is also some 
evidence to indicate that a substantially 
large proportion of mothers of patients 
with liver cancer are chronic carriers of 
the hepatitis B virus The link between 
the hepatitis B virus infection and liver 
cancer has received further support from 
the reports published by four groups of 
independent workers which show that the 
DNA of the hepatitis B virus is integrated 
into the genome liver cancer cells (Journal 
of Virology, 33, 795, 1980 and Nature, 
286, pp 531, 533 & 535, 1980). Although 
this does not prove that the virus is 
responsible for producing the cancer, it is 
once again an additional piece of evidence 
to support the connection between the 
two If reviewing all the evidence that is 
presented so far, hepatitis B infection is a 
prerequisite for the development of liver 
cancer subsequently, then the elimination 
of that infection through hepatitis B 
vaccine should also eliminate the develop¬ 
ment of liver cancer. Already, the 1980 
Nobel Laureate Dr Gilbert of Harvard 
University and others working in Edin¬ 
burgh and Heidelberg have reported that 
they have been able to insert hepatitis viral 
genes into bacteria and both hepatitis B 
surface antigen and a protein from the 
virus core are being produced by the 
bacteria. 

Conclusion 

The new technologies will take time to 
move from laboratory scale to large scale 
production. But from the kmd of rush 
that one sees in this area, it can be expected 
that the transition from experimental to 
chnical level application will take place 


sooner than later. This is all to the good 
but in all this, what guarantee is there 
that these products for the health of man 
will be accessible to those in greatest 
need at prices that they can afford? The 
history of science and technology repeats 
itself—each major advance enhancing 
the dependence of developing countries 
upon the developed ones. 

It is sometimes said that basic research 
and high technology are for developed 
countries and that appropriate technology 
will do for developing countries While I 
am second to none in upholding the 
importance of appropriate technology for 
developing countries, no country, deve¬ 
loped or developing, can do without basic 
reseaich and no sustained development is 
possible without it (de Duve 1980) In 
this particular case, India has a unique 
opportunity to develop a solid programme 
of basic research in modern biology and a 
whole range of skills m molecular biology 
to resolve some of our health problems and 
to speed up overall development Finally, 
the fast-moving events in molecular bio¬ 
logy must be coupled with human wisdom 
in their application, if we are to reap the 
full benefits of this technology without 
paying a heavy price The earher con¬ 
cerns about the safety of gene splicing 
techniques have now somewhat leceded to 
the background, but the question of care¬ 
ful use of the new and powerful products 
available in large quantities still remains 
Their safety will have to be very carefully 
evaluated A whole range of ethical issues 
will have to be faced. The question of 
gene therapy, for example, will raise a 
number of such issues. Ethical guidelines 
in such matters are much more difficult 
to develop than guidelines of safety 
(Dickson 1980) 

The new Biology cannot remain isolated 
from social issues. As I said in my Annual 
Address last year the future lies in broad¬ 
ening the horizon of interplay of bio¬ 
medical and socio-medical research and in 
transdisciplinary synthesis of science and 
technology with society’s needs and human 
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values in a changins^ world (^Ramalinga- 
swami 1980a). 
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I would like to give you a general 
background about what is happening in 
the Academy since the beginning of the 
year and with particular reference to what 
the Academy should be doing We have, 
of course, had the regular series of meetings 
for various purposes connected with our 
functioning including the normal Council 
meetings, the general meetings of the 
Academy, the meetings of ICSU National 
Committees and the meetings of all 
individual committees which liaise with 
International Unions, the meetings of 
Sectional Committees for recommending 
candidates for election to the Fellowship, 
as also those to be awarded the INSA 
Medals for Young Scientists and the 
various other activities of the similar 
nature. The Science Academy Medals for 
Young Scientists 1982 have been awarded 
to 16 scientists, the Medals announced 
last year were presented to 20 young 
scientists by the Prime Minister at the 
Science Congress Session on 3rd of January 
in Mysore In addition to the normal func¬ 
tioning of the Academy, I would like to 
speak to you this afternoon about a few 
other questions 

We have been discussing quite extensively 
in our Council on the role of the Academy. 
You are aware of the normal activities; 
one which relates to the election to the 
Fellowship and the Foreign Fellowship; 
the second which relates to our liaisons 
with international bodies including the 
ICSU and all the International Unions. 
Associated with it is the fairly large activity 
of sending scientists from India abroad to 
the ICSU meetings. From the large list 
which comes up for delegations, the 
delegations which go for the various ICSU 
meetings have quite successfully been 
selected by the sectional committees. It 
is becoming increasingly more realistic 


that ICSU conferences cover, to a great 
extent, science whether it is mathematics 
or physics or chemistry and so on, or 
several biological life sciences, but they do 
not cover engineering sciences, they do 
not cover technology, they do not cover 
agricultural sciences, they do not cover 
medical sciences. In addition, there are 
large number of meetings now being held 
of a specialized thematic nature even in 
the pure sciences which do not come under 
the ICSU conferences These are very 
interesting, important meetings; and these 
should be attended. Therefore, special 
efforts were made to have discussions in 
the Department of Science and Technology 
to be able to send scientists to these 
meetings and I am glad to say now that 
arrangements have been made for INSA 
to be funded for the purpose That we are 
also now able to support scientists for the 
non-ICSU meetings. The amounts arc 
sdll inadequate It is inadequate as far as 
INSA is concerned, inadequate as far as 
the Department of Science and Technology 
is concerned because these are the non- 
Plan funds and, you know, for non-Plan 
funds It IS not very easy to expand. But a 
beginning has been made There is also 
significant support now being given to 
young scientists under the INSA-COSTED 
agreements So, what I wanted to really 
give you is a feeling here that INSA 
is now able to support and has supported 
this year much larger numbers on a more 
satisfactory basis for attending meetings 
abroad. This in itself is important because, 
I think, we have to accept the fact that 
science is international, great advances are 
taking place elsewhere and while certainly 
original ideas are coming up and conside¬ 
rable work is done in the country, it is 
important to know what is happening. And 
I would come to this a little later—the 
question of bridging gap between what is 
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liappening here, what is happening else¬ 
where. But from that angle it is particularly 
important that we are kept informed of 
this. 

I would like to mention to the Fellowship 
that someone who goes abroad for a 
conference is, in some sense, privileged to 
have an opportunity to go to a meeting in 
which either he or she contributes or 
participates in some sense or, if nothing 
else, is able to listen to and appreciate the 
most recent developments in that particular 
field. It is not enough for that person to 
benefit personally and come back, and, 
therefore, do better work as an individual. 
It is important to communicate this to the 
scientific community in the country. So, 
we have decided that it will be incumbent 
on anyone who goes abroad with finances 
provided by INSA—and we have to be 
accountable in public for it—when the 
person comes back—to write a report. As 
you know, reports are written. I have 
here a list of them in ternis of who chaired 
meetings and what are the titles of the 
sessions, then what are the programmes 
you have arranged, how many delegations 
attended. Well, that is not science, I 
mean, scientific. What are the highlights? 
What are the new developments ? What is 
the significance to Indian science? Where 
do we benefit from the information derived 
from that meeting? What are the thrust 
areas on which one could concentrate? 
What are the dying areas in a certain sense 
and so on. So, we would like the reports in 
that form to be presented and to be then 
published by INSA for the benefit of the 
scientific community in the country. Now, 
this could turn out later to be a journal 
of some description but in the beginning 
we will start; and the Editors of Publica¬ 
tions have agreed to take this up. I thought 
that I would mention this as a development 
where INSA could bring to the notice of 
the Indian scientific community the deve¬ 
lopments in various fields abroad. 

It also related to the Basic Sciences Com¬ 
mittee which, as you know, has been 
operating very well. We had our last 


meeting in February on 26th and 27th at 
the Osmania University; I was present at 
that meeting. Normally, of course, the 
purpose of that meeting is to bring together 
those who receive INSA grants for their 
schemes as well as many others concerned 
with various schemes in Basic Sciences 
and to listen to them, to interact with 
those who receive INSA grants and also 
to have some lectures from active indi¬ 
viduals in various schemes. The meeting 
at Hyderabad went off very well and we 
have to continue to support some 112 
research schemes under the Basic Sciences 
Traming Programme, and so on. But that 
is a matter of detail which is contamed in 
the Annual Report. But what I want to 
emphasise here is the fact that what INSA 
disburses is a very small amount. It is 
of the order of 16 lakh or so. This, in my 
view, is trivial if you compare it with the 
multi-crores which are disbursed by the 
other major agencies in the country. For 
example, GSIR has been disbursing of 
the order of four to five crores for its 
extramural activity for various things like 
junior and senior research fellowships, 
associateships, for research schemes. The 
Department of Science and Technology 
has of the order of four crores which are 
disbursed under the general research fund. 
I would not go into the details of all that 
the Government disburses. But, similarly, 
there is a so-called Science and Engineering 
Research Cmmcil of the Department of 
Science and Technology for the intensi¬ 
fication of research in high priority areas; 
there has been a MAB Programme and 
the Environment Research Committee of 
the Department of Environment; there 
is a Board of Research of Nuclear Sciences; 
there is a Department of Atomic Energy; 
there is a Department of Space and there 
are programmes of ICAR, IGMR and 
the UGG Fellowship and one can list a 
huge number. Compared to this, 16 lakh 
of INSA is very, very small. So, what 
we really have in mind is that this must 
be used in a way where one would provide 
support to something which may be 
quite new to start with and which would 
later, if it becomes successful, receive 
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support on a major basis from one of the 
agencies. The idea is to discern and 
identify well in advance, particularly from 
young mdividuals, the possible areas of 
thrust and growth and new creation. 
But we have also decided that the Basic 
Sciences Committee should do something 
more and we have taken up something 
which I referred to in a sense last year 
as an idea that we should also produce 
reports—state-of-the-art reports for 
mstance—in various areas in basic sciences 
—which could be published—which may 
indicate what is happening in some of 
these thrust areas in the country, what 
is the state of research in this field else¬ 
where in the world, what are the techni¬ 
ques being used and where inter- 
disciplmary efforts and so on are coming 
up today so that those who are working 
in the field become more aware of a 
sense of direction. Very often you find 
somebody who is well-versed in a techni¬ 
que, is working in some area where on 
account of past history and tradition and 
something which exists in a particular 
school has been proceeding along certain 
well-trodden paths; he could very well do 
something which is very much more in 
the frontier, important and inter¬ 
disciplinary but does not do so because 
of just that difference in the interaction 
and, I think, the state-of-the-art report 
could do some of it. So, we have felt the 
need for it and, I hope that the Basic 
Sciences Committee will be able to do 
more in this regard and our Fellowship 
will provide support for this, namely to 
definp the thrust areas and to define the 
directions in which with our capabilities 
we can proceed. Particularly important is 
to know what facilities are available where 
and who is working on what topic and with 
whom to correspond and discuss because 
one of the features, which is characteristic of 
international science today, is the manner 
in which interaction takes place. Of course, 
we must remember that academies or 
societies >vere cwiginally constituted for 
the very basic purpose of interaction. 
The oldest among them was die Athens 
Academy of Plato which in a certain 


sense has continued to be in existence 
since then. 

But societies have been older than the 
scientific societies. The Royal Society, 
though certamly not the oldest, was 
started with the purpose to bring together 
like-minded people who could talk to 
each other and discuss, demonstrate experi- 
ments and interact. This interaction, of 
course, today is not dependent on aca- 
deimes alone. We have talked about the 
conferences under ICSU and non-IGSU 
and variety of manners in which interac¬ 
tion takes place, as of course elsewhere in 
the world, through publication of journals 
and so on There are so many meetings, 
there are telephonic conversations and the 
hke It IS very important that we bring 
about much greater interaction, develop 
not only a cohesion here in the scientific 
community in the country but also 
produce new ideas and new capabilities 
which may exist in the sense that there 
may be an individual in the country who 
knows a mathematical technique or who 
can handle an equipment in a certain 
way which is all that is necessary to 
transform something you are doing from 
being ordinary to being a break-through 
and, therefore, there is a need to do this 
rather than purely routine publication of 
papers which we have been doing for a 
long time 

The other point I wanted to make is, 

I think, important I felt, coming to this 
Academy that whereas we have our 
grounds and buildings, they really are not 
what they should be for a premier Academy 
in sciences of this country. We ought to 
do something very much better. There 
have been schemes—and I see Dr. Pal 
is here who has gone through these schemes 
for a major building and so on—but they 
have not fructified or materialized uptil 
now. Costs are rather high. There have 
been problems for getting funds for it. So, 
I felt, in the first instance, we should make 
sure that whatever we have which consists 
basically of two buildings—this one here 
where we are sitting and the one there 
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where the auditorium is as well as where 
some accommodation is available for the 
Fellowship—be brought up in standard. 
Now, we have gone through a succession 
of discourses with the Building Committee 
and the architect who is supervising the 
work and we have taken a decision to 
proceed with a considerable renovation 
which would enable considerable im¬ 
provement as well in the auditorium and 
reception areas. 

We have also made very many changes. 
I wouldn’t go into the details of this. 
But if any of you walks up in the admi¬ 
nistrative area of this building, you will 
find the place cluttered up like the records 
offices of the Government. It is certainly 
unsatis&ctory for an Academy concerned 
with science. So, we have decided to 
remodel it into proper cubicles, office 
spaces, stock rooms and so on and do the 
same thing on the other building to in¬ 
crease, to a limited extent, accommodation 
and ako to have the Executive Secretary 
stay on the premises because, I think, it 
is important from the view-point of control 
and management of this area. Well, these 
changes you would notice, because they 
are all going to be completed as from now, 
in a period of six months. These will be 
some changes which will certainly improve 
the overall appearance of the Academy. 

As far as other activities are concerned, 
I thought, I would just mention the 
following. First I went—which is really 
speaking the first trip that I made on 
behalf of the Academy last month—to 
Rome. This was to attend the bi-centenary 
(200 years) of the Academia Sciences 
Nationale de Sciences, as they say, de 
quaranta. This is the Academy of just 
forty (40). You know, European academies 
have very restricted numbers like the 
French Academy, for instance, but that 
is obviously not restricted to science but 
science and humanities put together. 
Now, this particular Academy was 
founded in a very interesting way, two 
hundred years ago and if anybody 
recalls the history of Italy, you will notice 


that Italy did not exist then because 
that was when all of Italy was in the 
form of city states and which came under 
considerable domination. That is the pre- 
Napoleon ic and post-Napoleon ic period. 
And the concept of this Academy is very 
interestmg. It was evolved by an engineer 
who was a military engmeer but very 
good in scientific matters relating to 
mathematics and surveying and who 
decided that scientists must get together— 
and in fact hit on the idea of the scientists 
of Italy unifying before the politicians 
and others. 

One of the very basic principles of the 
Academy is to publish its memoirs and 
to publish at least once a week through the 
years. They have just produced, in addition 
to other things, 100 memoirs starting 
from that period The exceedingly inte- 
lestipg work, particularly interesting of 
the early period which I happened to 
see, was the vast collection of original 
documentation of some of the pioneers 
coming down to more recent periods. 
I attended the Bi-centenary, when they 
had essentially a two-day symposium on 
‘Academies looking towards the year 
2000’, namely, what should the acadermes 
be doing, with presentations from a 
variety of academies around the world, 
on international cooperation and the role 
of the academies and many of these 
questions. It was a very interesting meeting, 
and I will try to give a brief summary in 
the Newsletter. But it was very, very 
clear that the academies will have to 
seriously consider their role because science 
has changed very, very significantly since 
the days when the Academy was founded, 
when the Royal Society was founded and, 
on similar basis, the French Academy, the 
Italian Academy, the National Academy of 
Sciences of USA and the INSA which is 
of course very much younger. The impor¬ 
tant point here is the fact that some 
academies, National Academy of Sciences 
in particular, have done very much more 
in a certain sense by bringing out a whole 
variety of documentation which is of 
importance both to scientific community 
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as well as to the Government in the 
United States. The Royal Society also 
bnngs out as a result, particularly of its 
speaal discussion meetings which are 
organised, documentation of that nature 
and, I think, it is very important for this 
Academy to consider what else it should 
be doing in this regard. 

The other important element of my visit 
was the two-day meeting at the Pontifical 
Academy of Sciences in Rome. This 
meeting was arranged at the instance of 
the Pontifical Academy to take advantage 
of the fact that Presidents of the Academies 
around the world were present in Rome 
at the Bi-centenary of the National Science 
Academy. It was a very good meeting. 
The principal question under discussion 
was that of nuclear war. I bring this 
to your notice because, firom what I 
know, INSA has never discussed this 
question. The entire area relating to 
nuclear energy for peaceful purposes, its 
constructive aspects and so on-have been 
dealt with purely on a temporary basis. 
We have never discussed it at all as 
scientists—questions relating to nuclear 
energy. Well, the reason of this meeting 
is simply that the Pope has been deeply 
concerned about the threat of nuclear 
war because of the fact that there are 
large number of trouble spots which have 
repeatedly appeared on the world scene 
whether it happens to be Palestine or 
Poland, whether it is Iraq-Iran or Israel- 
Arab question, whether it is Lebanon and 
so on and so forth. There is today 
enormous accummulation of nuclear stock¬ 
piles in the world. It only needs a wrong 
decision and a miscalculation to set off 
and once set off, it will be an irreversible 
eiqilosive situation. So, he has spoken 
about this notably at two places; when 
he visited Hiroshima and at the UNESCO 
Address that he gave last year. Pontifical 
Academy has, therefore, been concerned 
about the question of nuclear war. Pope 
was concerned about it firom the view¬ 
point of moral, spiritual and scientific 
aspects. Because of this interest, the Pon¬ 
tifical Academy had a Worldng Group 


which has produced a documentation. 

I was asked to chair the Working Group 
and when I was in London for the Festival 
of India and Britain where we organised a 
‘Science in India Exhibition’ at the 
Science Museum, I spent three days in 
chairing the drafting Group. We drafted 
a document which was then considered 
again by another meeting of Pontifical Aca¬ 
demy in Rome—I could not attend that 
meeting—in June; and that document came 
up for consideration. After this two-day 
meeting on Thursday and Friday last week 
in Rome, we were able to draft a docu¬ 
ment which was accepted and signed 
by the Presidents, on behalf of the 
Presidents and representatives of the 
different Academies, except for the Chinese 
Academy of Sciences, though they had 
originally agreed to come to the meeting 
in Vienna in February. There was a 
world-wide presentation and acceptance 
of this document. 

Now; of course, the purpose is that this 
is a document from the Academies. It is 
not a formal document because it had 
not been presented to INSA and INSA 
has not adopted it. But it is a document 
agreed to by the Presidents of the 
Academies but in their own personal 
capacity. But it is interesting that a 
document has been produced and it will 
not, of course, have to be used but the 
idea is that it might be used by religious 
leaders to bring about certain religious 
pressure on statesmen and world leaders 
in this regard. It is such a major question, 
but we have not even discussed it in the 
Academy. 

From this sort of background, I would 
like to tell you a little more of what I 
think we ought to be doing. Apart from 
sending delegations abroad, we also sponsor 
major conferences in India—some are 
general assemblies, .some axe general con- 
i^en^es, others specialised conferences— 
and these are taking place on a regular 
basis. But apart from these activities which 
have bemi absolutely standard, franldy 
speaking, can we say that we are doing 
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anything unique? There are other places 
where documents are published also. This 
IS not something unique. What we are not 
doing is giving the vast amount of support 
that is required by the scientific community 
or by Government, and what we are not 
doing is really trying to see what science 
needs to be healthy and to grow meaning¬ 
fully in this country. That is something 
we have to address ourselves to a much 
greater extent than we have done in the 
past. I must say we had a pre-meeting 
discussion, if I may put that way, for 
two hours this afternoon before we as¬ 
sembled here and we have had also 
some discussions earlier. I must bring 
to the notice of the Fellowship that 
I do not think that health and climate of 
science in India is satisfiictory. We must 
understand this. I am not talking just 
now of technology. That is a separate 
matter. Then we can discuss whether we 
are dealing with agricultural strategfies 
and lab-to-lab programmes, whether we 
are dealing with technologies, with indus¬ 
trial processes, import of technologies, 
indigenous development of technologies. 
That gets us into a completely different 
area of industrial policy, technological 
policy statements, wliich are not science. 
I am talking of science and science which 
has to be defined not in terms of support 
to the elements of technology but science 
in terms of new innovations, in terms of 
work in the frontiers of science and in 
that regard, I think, the position has not 
been very satisfactory. If you read the 
talk that I gave as President of the Indian 
Science Congress Association in January 
at Mysore, some of my thoughts are 
already contained in it because my entire 
lecture was devoted to basic sciences as 
an integral component of a self-reliant 
base of science and technology in the 
country. So, the entire lecture was related 
to the basic topic which is science, not to 
technological elements but basic science, 
and building up excellence in this country 
and the problems in building up excellence. 

Why I mentioned that the position is not 
satisfactory is that we do not have today 


a climate in which the most brilliant are 
attracted to science. They may not be 
attracted to science abroad for other 
reasons, which may relate to nuclear 
weapons stockpiles or environmental pollu¬ 
tion or the backlog of Vietnam and 
so on and so forth. But in India, the 
reasons are very different. In India, the 
reasons relate to the fact that we are not 
giving a sense of excitement and challenge 
to the younger generation to take to 
science as something which they must do 
because it is so interesting. That is not 
being done. That can only be done in the 
schools and colleges, that can only be 
done through boo^ that are written; that 
can only be done in the universities, and 
our entire system there, for a variety of 
reasons, has run down due to lack of 
infrastructural support, due to extremely 
poor economic conditions that have been 
provided, due to total lack of respect 
provided to those who are in these posi¬ 
tions as teachers, and finally the teaching 
community itself having taken upon itself 
many a factional and political role as a 
result of which it has lost the respect due 
to it. And furthermore, mediocrity is 
practised on such a scale that once you 
get mediocrity, it only allows more medio¬ 
crity Now, that is one part of the story; 
that the best are rot coming to science. 
There are other propositions, other attrac¬ 
tions for them into which they are flowing. 
The best illustration of this was in the 
fact that many of our Council Members 
pointed out that the important scientific 
positions in the country are Pro¬ 
fessorships and Directorships. You have 
to go straight to the bottom of the barrel; 
you have to find them who might take 
up science and use your greatest ipfluence 
to cajole and persuade them to 
take that job. These should be positions 
which are considered reliable, res¬ 
pectable, and wanted as an occupation. The 
second aspect with regard to the scientific 
scene is tiiat even those who are coming 
in are at the ages which axe quite critical 
where opportunities for them are the very 
best. Opportunities for the mediocre are 
few. Opportunities for the very best are 
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many They are the ones to be attracted. 
They are the ones who go out and who 
then do r ot come back an d who are 
essentially more or less persuaded to stay 
there. They have to make an effort. 
Much of our system has become highly 
parochial. Universities today do not 
appoint anyone outside their own group. 
Even the theory of the “Sons of the soil” 
has got so limited that it has not become 
a free university even within the same 
State It has become narrow and paro¬ 
chial, and that is true of laboratories as 
well I am not blaming universities alone. 
It is impossible today to arrange the trans¬ 
fers of people from one lab to another. 
They do not move themselves. They are 
not wanted in the place of their last 
appointment Furthermore, the number of 
positions available which can be filled on 
easy basis is very small. The net result of 
all of this is that the cream of this country 
either does not come to science or if it 
comes to science, goes away rather than 
wanting to take up the responsibility 


here and do good science and to build 
centres of excellence. Also, on account of 
external influences which relate to 
the democratisation of procedure, legal 
quarrels and wrangling and so on, it has 
really transferred a great deal of our 
activity to personnel and labour handling 
rather than the handling of sensitive, 
brilliant people. I think, we have to 
recognize that if we do not pay attention 
to this soon as a scientific community, 
then we will get into an increasingly difficult 
situation with regard to having any science 
in the country in the decades ahead in 
spite of having a very large output in 
terms of B Scs and M Scs, in terms of 
much larger investments in money Real 
science, as one understands, relates to the 
frontiers. So, I think, we ought to pay 
serious attention to it We should look 
ahead and that is what 1 would urge the 
Fellowship to consider and to provide 
inputs to the Council so that one can do 
something more meaningful to build up 
science in this country. 
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Professor A K Sliarma, Professor and Pro¬ 
gramme Coordinator (Director), Centre 
of Advanced Study on Cell and Chromo¬ 
some Research, Department of Botany, 
University of Calcutta, was born on 
December 31, 1924 at Calcutta. He was 
awarded the DSc degree of the Calcutta 
University in 1955. He was the National 
Lecturer (University Grants Commission) 
during 1977; President, Society of Cell 
Biology (1979-80), Genetic Association of 
India; Secretary, Indian Science News 
Association (1978); Biological Secretary 
(up to 1977), the Asiatic Society; 
President, Botanical Society of Bengal 
(1977-81), Indian Botanical Society, 
Indian Society of Cytologists and Gene¬ 
ticists (1976-78) and General President, 
Indian Science Congress (1981). He is a 
Fellow of the Indian Academy of Sciences 
andNational Academy of Sciences (India). 
He is the recipient of SS Bhatnagar Prize 
1967) of CSIR, Jawaharlal Nehru Fellow¬ 
ship (1972), Paul Bruhl Memorial Medal 
(1972) of Asiatic Society, Birbal Sahni 
Medal (1974) of Indian Botanical Society, 
FiKt JG Bose Award (1976) of UGG, 
Silver Jubilee Medal (1976) of INSA 
and the Federation of Indian Chamber 
of Commerce and Industry Award 
(1979). He received Padma Bhushan 
in 1983. 

Professor Sharma’s principal research 
contributions relate to : (1) invention of 
new techniques for the study of physical 
and chemical nature of chromosomes, 


adopted in all centres of the world for 
plant, animal and human systems, the latest 
technique being orcein banding for repeti¬ 
tive DNA, (2) establishment of a new 
concept of speciation m vegetative plants, 
(3) clarification of chemical nature of plant 
chromosomes through techniques specially 
evolved for the purpose, (4) induction of 
division in adult nuclei through certain 
metabolic piecursers for the study of chro¬ 
mosomes m relation to differentiation, 

(5) reorientation of angiosperm taxonomy 
on the basis of cytological data collected 
firom investigation on different families, 

(6) establishment of a new concept of 
dynamism of structure and behaviour of 
chromosomes, both physical and chemical, 
in plant, animal and human systems, 

(7) successful utilization of embryo irradia¬ 
tion and in vitro culture for generating 
variability, and (8) the concept of Dynamic 
DNA, showing amplification, dispersion 
and mobility. The chemical composition 
of chromosomes has been shown to 
vary during organogenesis, differentiation 
and reproduction while maintaining the 
constancy of the basic genetic skeleton The 
concept is based on chemical analysis in situ 
and after extraction as well as fluorometry 
and biochemical assay. The value of these 
researches on chromosomes, in addition 
to their fundamental importance, lies in 
their utilization in agriculture, horticul¬ 
ture, medicine and environmental plann¬ 
ing, analysis of problems of environmental 
pollution and recommendation of remedial 
measures. 
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The annual meeting of the Academy calls 
for an introspection into its activities about 
which the president is supposed to apprise 
the Fellowship. If one takes into considera¬ 
tion the charter of the objectives of the 
Academy, it includes not only the culture 
of excellence but to a great extent also the 
promotion of natural knowledge and its 
application to problems of national welfare; 
coot dination between the Scientific Acade¬ 
mies and Institutions; International repre¬ 
sentation and lastly safeguarding the 
interest of scientists of India. With the 
gradual involvement of the Academy in 
various national activities and national 
problems it is also desired that as a peer 
body of scientists it should express its 
opinion on issues of national relevance for 
the benefit of the policy makers It is 
desirable to have a look at the extent to 
which our Academy has been striving to 
fulfil the charter of its objectives. 

As far as the policy issues are concemed, 
on behalf of the Scientific Advisory Com¬ 
mittee to the Cabinet, we had the privilege 
of organizing a meeting of scientists of the 
Academy to discuss the problem of Excel¬ 
lence in Science in India—its identifica¬ 
tion, nurturing and upliftment. I am sure 
that every distinguished Fellow would 
admit that there has been a serious trend 
towards the breeding of mediocrity in this 
country which is actually swamping ex¬ 
cellence. Sparks of excellence are only 
sporadic. The Fellowship is deeply con¬ 
scious of this problem and concrete re¬ 
commendations have emerged which have 
been forwarded to the Scientific Advisory 
Committee to the Cabinet for implementa¬ 
tion. We had the opportunity of discussing 
this issue during the meetings of the 
Committee. We hope that with the involve¬ 
ment of the Academy and the help of 
Fellowship it will be possible to work out a 


modus operandi for its solution, particularly 
since our immediate Past-President, 
Professor MGK Menon is the Chairman 
of the SACC. 

The Science Policy Resolution, which has 
completed 25 years of promulgation, is also 
being discussed. Already, on your behalf 
I had participated in the discussions held 
in the Academy premises organised by the 
INSTADS on the benefits which have 
accrued out of the Science Policv Resolu¬ 
tion of 1958, of the lacunae still existing 
and methods of filling the gaps 

Also we have constituted working groups 
for publishing documents dealing with the 
state of the art for Energy, the problems of 
Population Control, Food, Technical man¬ 
power training and Environment which will 
serve as guidelines foi policy makers at the 
national level. In increasing the coordina¬ 
tion between the scientists, institutions. 
Academies etc. at national and internatio¬ 
nal levels, the Academy has sponsored a 
number of symposia in collaboration with 
scientists of different disciplines throughout 
India. Several International Conferences 
have been organized including Internatio¬ 
nal Cosmic Ray Conference held at 
Bangalore and COSPAR meeting at 
Dellu. 

In order to fulfil the objectives of the 
Academy for affecting coordination 
between scientific societies and for the 
application of scientific knowledge in 
national welfare, a meeting has been 
arranged from December 1 to 5 at Delhi 
of the Continuing Committee of Global 
Seminar held in 1980 involving the 
Academy, the Indian Science Congress 
Association and the American Association 
for Advancement of Science. The pro¬ 
grammes on the agenda include discussions 
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on the manufacture and use of biomedical 
equipments; computer technolo^, fores¬ 
try, microbiology and others in which 
both US and Indian societies can be 
involved. The Academy is also organizing 
a meeting of the heads of Academies of 
South Eastern Asian countries including 
Singapore, Thailand, Malayasia, Afghanis¬ 
tan, Burma, Nepal, Bangladesh and others 
on the Role of Scientific and Engineering 
Societies in Development. This is princi¬ 
pally aimed at working out a mode of 
cooperation for solving regional problems 
in which INSA can play a leading role, 
especially as a catalysing agent. 

At the international level, in addition to 
this cooperation envisaged between the 
developing countries of South-east Asia, 
your academy has entered into new 
agreements with the Academy of Science 
of Philippines, the French Academy of 
Sciences, the Polish Academy of Sciences, 
and this month the agreement with the 
Norwegian Academy will be signed by me 
on your behalf. A similar agreement is 
expected to be made with the US National 
Academy of Sciences. During my visit to 
the USA, sponsored by the AAAS, 
Dr. Frank Press, the President of US 
Academy of Sciences and I had discussed 
the immediate need for a continued 
cooperation between these two premier 
Academies. The agreement with the Royal 
Society, London has been further strength¬ 
ened with almost double finzmcial input 
recently agreed on by the Royal Society. 
It was conveyed to us by Sir Arnold 
Bergen, Vice-President and Dr. Ernest 
Keay, the Executive Secretary of the 
Society during their visit to our Academy 
last month. 

One of the important issues in which I 
hope you will agree with me is that the 
Academy as a body of scientists has not 
yet looked into the problem of status of 
scientists in the country, particularly of 
safeguarding their interests. This is a vital 
issue to which the Fellowship should give 
a serious thought. The indignity to which 
the scientists are often eqposed and the 


trivia of bureaucratic procedures which are 
seriously undermining our culture must be 
given due attention by the academicians of 
this country and an active role must be 
played by the Academy in their eradication. 

In the Basic Sciences Committee we have 
made a slight departure from this year 
in our policy. During the initial phase 
when this committee started functioning, 
the basic philosophy was to finance 
projects of a novel and creative nature. 
Unfortunately in recent years these have 
become stereotyped and routine and the 
Academy has been acting as a grant-giving 
agency. In order to make it more meaning¬ 
ful, it has now been decided that the young 
scientists’ programme, which is paying 
high dividends, is to be encouraged with 
seed grant for projects but other projects 
would have to be substituted by commis¬ 
sioning of reports by selected scientists in 
the field and preferably from the 
Fellowship. 

One of the impoitant activities of the 
next year, the responsibility for which the 
entire Fellowship is to shoulder, is the 
celebration of the Golden Jubilee of the 
Academy. The initiation of the celebra¬ 
tions wiU be inaugurated by the Prime 
Minister on the evening of January 16, 
1984. The Presidents of the corresponding 
Academies of the world, including those 
of the Royal Society, London, the US 
National Academy of Sciences, the French 
Academy of Sciences, the Polish Academy 
of Sciences, the USSR Academy of 
Sciences, the Japan Society for Promotion 
of Science, the Hungarian Academy of 
Sciences etc. have all agreed to participate 
in the celebrations. The initial programme 
will last for three-days from January 16 to 
18,1984 concurrent with the deliberations 
of the sectional committees in order to 
enable a significant proportion of the 
Fellowship to be present during the 
meetings. It will include a series of lectures 
in addition to the Blackett memorial 
lecture to be delivered by Sir Andew 
Huxley, President, the Royal Society, 
London. In order to enable the Fellows 
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to attend the celebrations it has been 
decided to bear the travel cost by 
train of those who may need it. On this 
occasion a series of publications have been 
commissioned including a compendium of 
all Fellows of the Academy; another of 
all young scientists selected; a compilation 
of the bibliographies of the Presidents 
and presidential addresses delivered; a 
volume containing endowment and medal 
lectures given so far and a series of perspec¬ 
tives and other reports on different areas 
of physical, chemical, and biological scien¬ 
ces, several of which will be ready at the 
time of inauguration. Simultaneously, 
throughout the year several international 
symposia will be organized in different 
disciplines all over the country. It has 
been decided to build a 5-storied annexe 
on the western side of the Academy 
premises, not only to meet the urgent 
requirements of space for the expanding 
activities of the Academy but also to 
further the liaison between the adhering 
Academies and Scientific and Engineering 
societies in India, including the provision 
of several guest rooms. It has been planned 
as a sort of science complex in which the 
Academy will serve as an umbrella for 
other scientific and engineering societies 
of India. The Academy is depending on 
the help and cooperation of Fellowship 
for the fulfilment of these objectives, both 
financially and otherwise. 

Lastly, I would like to say a few words 
about the autonomy of the Academy. It 
is undoubtedly an autonomous organiza¬ 
tion, the highest scientific organization in 
the country and the adhering body of 


International Council of Scientific Union 
on behalf of the Government of India. In 
order to meet its expanding activities and 
to fulfil its charter of objectives, it must 
have financial autonomy as well, as is 
enjoyed by the Royal Society, London and 
the National Academy of Sciences, USA. 
The grant at present allocated to the Aca¬ 
demy is too meagre to support all the acti¬ 
vities, both current and those to be expan¬ 
ded, to fulfil the objectives of its charter. 
We are also fully aware of the limitations 
under which the Department of Science 
and Technology has to function within its 
limited resources It is therefore, impera¬ 
tive that the allocation for the commit¬ 
ments of the Indian National Science 
Academy should be decided at the highest 
national level and be adequate to finance 
its objectives, including the programmes 
undertaken for the Golden Jubilee celebra¬ 
tions. Our government is committed to 
the culture of excellence in science on the 
one hand and to the generation of aware¬ 
ness and base of science and technology 
on the other. Under such conditions, it 
is paradoxical that the Indian National 
Science Academy which is the emblem of 
the highest level of excellence in this 
country in science is not receiving funds 
adequate to expand its essential activities. 
On behalf of the entire Fellowship it will 
be my privilege to take this matter up 
with the Government and hope that the 
Academy would be able to not merely 
meet its present financial needs but 
would also be given the status which, 
as the highest scientific organisation 
of this country, it fully deserves and 
demands. 



ADDITIONAL GENES—ENIGMA IN BIOLOGY 


A K Sharma 
(delivered at Ranchi, 1984) 


It is a pleasant duty for me to express my 
deep gratitude to the Fellowship of the 
Indian National Science Academy for 
electing me as the president of this august 
organisation. It is the custom for the 
President to deliver an address at the 
anniversary meeting, usually on a scien¬ 
tific theme. Having been deeply involved 
in chromosome research for the last four 
decades, I thought that I would speak on 
an aspect of chromosome structure and 
its implications. 

Preamble 

The evolution of present-day organisms 
has been traced to an era three billion 
years ago During this intervening pencd, 
there has occurred a marked evolution in 
the genetic system. The mechanism 
through which the present-day plant and 
animal species have been derived from the 
earliest living forms like the viruses and 
the amoeba is still a problem unsolved. 
One of the reasons for this nebulous state 
of our knowledge is the absence of any 
fossil evidence connecting the present-day 
man to the minute forms of life. 

Even though Charles Darwin is not 
considered as the father of genetics, yet 
his very doctrine of evolution led to the 
theory that every organism is a descendenl 
of the pre-existing past. This continuity 
of life, from generation to generation since 
its creation, in the universe as enshrined 
in Darwin’s concept, forms the basic 
foundation of the science of hereditj^. 

It is needless to emphasize to such a 
learned audience that in every biological 
system, the expression of a character is 
the ultimate manifestation of a chain of 
chemical reactions triggered at the level 
of the gene in the chromosomes, located 
inside the nucleus of a cell. Such a genetic 


control is universal whether it involves 
the singing of a bird, the flowing mane of a 
lion, the reproduction of flowering plants 
or even the abstract qualities that characte¬ 
rize the human species —Homo sapiens. 
The chromosomes thus hold the key to 
an understanding of control and expression 
of genetic characters. 

The study of the genes includes a detailed 
analysis of the finer structure of chromo¬ 
somes at the molecular level. Deoxyri¬ 
bonucleic acid molecule, or in short DNA, 
has been unequivocally shown to be the 
gene substance specially on the basis of its 
three essential properties of autocatalysis, 
heterocatalysis and mutation. In other 
words it can produce its own replica, it 
can catalyse a chain of reactions and it has 
the capability of undergoing change for 
generating variability so essential for 
evolution. The second property of catalys¬ 
ing the reactions is most vital in the sense 
that DNA confers specificity on the en¬ 
zymes which ultimately control all the 
metabolic pathways to the organism. In 
fact each and every character is the 
product of one or more reactions, each 
step of which is controlled by specific 
enzymes. The enzymes are proteinaceous 
in nature and their specificity lies in the 
varied arrangements of the amino acids 
in the polypeptides. The mechanism 
through diversity, provided by only the 
four alphabets of DNA—-Adenine, Gua¬ 
nine, Cytosine and Thymine, ultimately 
leading to the specificity of amino acids of 
protein chain, forms the fascinating topic 
of genetic code. The genetic code is too 
well known to be discussed. In any case, 
the very fact that millions of characters 
inherent in different organisms, starting 
from the lowest known living forms to 
man, are ultimately formulated by anange- 
ments of foui alphabets of DNA is a 
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remarkable example of the control of 
most complex reaction by simplest pos¬ 
sible operational process. The simplicity 
of the genetic code is possibly a reminder 
of the basic philosophy in evolution of 
combining the maximum efficiency with 
the minimum expenditure of materials. 

Chromosome Structure 

The chromosome, as it is visualized at 
present, is made up of fibrds 20 to 30A° 
in diametei folded several times to yield a 
fibre, 100A° in thickness. Thus a chromo¬ 
some represents a long chain deoxyribonu¬ 
cleic protein fibre with alternating 
condensed and decondensed segments. The 
long chain fibre is composed of several 
replicating units, the repltcons ,—the chro¬ 
mosome thus being multi-repliconic in 
nature. The beaded appearance of chromo¬ 
somes has been shown to be due to the 
presence of structures made up of four 
types of histones encircled by the DNA 
fibre, the so-called nucleosoms. Each nucleo- 
some is composed of five different kinds of 
histones of which four enter into the 
composition of the core and the fifth one 
serves as the linker. Around each nucleo- 
some the DNA fibres are almost 200 base 
pairs long. Of these 120-140 are conserved 
and the rest are variable and associated 
with the linker 

One of the outstanding discoveries in 
recent years has been the demonstration 
of the split nature of the gene. Each gene 
is composed of several essential sequences 
separated from each other by so-called 
non-essential intervening sequences 
referred to as exons and introns respectively. 
This specialized structure clearly diffe¬ 
rentiates the chromosomes of higher 
organisms, including man, from those of 
almost all viruses and Amoeba, and thus 
has a tremendous implication on chromo¬ 
some evolution. 

Several relatively recent outstanding 
discoveries have been responsible for a 
greater understanding of chromosome 
structure. The demonstration of the 
enzyme reverse transcriptase enabled the 


scientists to synthesize the complementary 
oi gene DNA molecule from readily avail- 
lable messengers. Restriction enzymes, 
ligases and molecular hybridization 
allowed an analysis of sequence com¬ 
plexity of chromosomes as represented 
in vivo. A remarkable development aided 
through the application of these methods 
is the localization of multiple copies of 
similar sequences in the chromosomes, 
termed as repeated sequences. The application 
of restriction enzymes has facilitated the 
study of sequence complexity even within 
long apparently repeated sequences. 
Repeats may be highly homogeneous, 
such as the satellite DNA in Xenopus, 
moderate, and minor, mostly interspersed 
within the nonrepeated sequences in the 
chromosomes. There has been a general 
agreement that the chromosome can be 
visualized as a lineai array of potentially 
independent replicons with majoi repeats 
at a lower number of loci and minor or 
moderate repeats interspersed throughout. 

Repetitive DNA Sequences 

Initially observed in a few organisms, the 
repetitive sequences have gradually become 
the focus of attention due to their presence 
on several loci on chromosomes. Even in 
the gene structure itself, the introns referied 
to earliei contain principally amplified 
sequences. Their occasional location in 
exons too has been recently claimed. The 
presence of repeats in spacers, often hetero¬ 
geneous in nature, is also on record. The 
jumping genes or transposons which are 
transposable elements are mostly associated 
with a high degree of repeats It if claimed 
that the repeats often flank the non-repeats 
or unique sequences to secure effective 
padding essential for efficient functioning 
of the uniques. The amplified sequences in 
ribosomal DNA have been precisely loca¬ 
lized. The species of DNA often termed as 
nucleotypic which principally control non¬ 
specific functions such as chromosome 
voluine, cell volume, generation time and 
several other biophysical parameters, also 
contain multiple copies of similar 
sequences. The term dynamic DMA has been 
^ven to repeats which have the property 
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of amplificationj dispersion and mobility 
as manifested in the presence of similar 
sequences in different sites and transposable 
capacity®'^. 

The single long repetirive segment may 
also be heterogeneous in nature as evi¬ 
denced m the presence of several restriction 
sites often identified by endonucleases. 
Such heterogeneity amongst a single 
sequence may indicate either insertion or 
mutation. In view of the property of 
mobility the possibility of insertion can 
not be ruled out. In addition to the mode¬ 
rate repetitive sequences, minor repeats 
are more difficult to resolve and often 
remain closely associated with the non- 
repeated ones. 

Notwithstanding the fact that their 
function is still obscure the presence of 
high amounts of repeats can hardly be 
considered to be without any significance. 
In the plant system as in rye and a few 
other crops nearly 70-75% of DNA have 
been found to be repetitive. In the human 
system almost 40% of DNA is composed 
of lepeats of which 6-10% are highly 
repetitive. There are, on the other hand, 
organisms such as Aspergilltts nidulans, 
where more than 95% of DNA are of 
unique type. 

G-value paradox 

The presence of high amounts of such 
amplified sequences is of special significance 
if one compares the DNA values of allied 
as well as of widely different species. In 
the wide canvas of the biological system 
the DNA values present a perplexing 
situation. The lilies, amaryllids and 
even the amphibians show a range of 
20-300 picograms of DNA/cell nucleus as 
compared to 2-3 picograms in mammals 
and approximately 7 picograms in man. 
The increase in histological complexity 
concomitant with structural diversity and 
differentiation can not evidently be con ela¬ 
ted with increase or decrease of DNA. 
It is a situation where highly complex 
organisms have lesser amount of genetic 
material as compared to the comparatively 


simple and primitive forms. This is indeed 
a paradoxical situaion rightly termed 
as C-value paradox. This paradox is even 
more manifested in the wide range of 
DNA variation shown by related species 
within the same genus. Amongst the angios- 
perms the range in diploid nuclear DNA 
content is more than 350 times as noted in 
0-8 picogram in Arabidopsis to 2*9 picogram 
in FritiUana, Within the same family as 
Ranunculaceae, there exists a range of upto 
40 times in DNA content®. In the genus 
Vicia alone, DNA content of the different 
diploid species shows a significant varia¬ 
tion®. 

The wide difference in DNA amongst 
related species is piincipally due to the 
amplified sequences. Such repeats may 
onginate out of saltatory replication or 
unequal crossing ovei but insertion or 
translocation too can not be ruled out. 
Obviously, there is a systematic mechanism 
in the biological system to either maintain, 
accelerate or delete the repeats during 
evolution All these aspects need to be 
considered in their totality in order to have 
a better understanding of the process of 
amplification leading to additional genetic 
elements in different organisms. 

Ontogenetic Increase 

In any discussion on additional genetic 
materials or amplification of genes, the 
ontogenetic increase in DNA, which is 
phase-specific during differentiation, can 
not be excluded. The very dogma that 
each and every cell of an organism contains 
the same number and type of chromosome 
to facihtate equal opportunity for the 
genes to exert their influence, though 
correct in its fundamentals, yet needs 
further modification. It was first suggested 
by Pelc’ that in Vida faba the amount of 
DNA varies to a significant extent from 
the meristematic to the differentiated zone. 
Cook® recorded that cellular differentia¬ 
tion is controlled by the development of 
high order of chromosome polymorphism 
especially in relation to metabolic DNA. 
In Petunia hybrida similar metabolic DNA 
has been recorded. An extreme case is seen 
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itt the sea urchin embryo where there is a 
two thousand-fold increase in nuclear 
DNA from egg to the pluteus stage. 
Several instances have been lepoited from 
our group, clearly indicating the associa¬ 
tion of lateral amplification of DNA with 
differentiation. Such amplified sequences 
need not necessarily involve the entire 
genome and may be only partial, including 
a few segments. Amplifications of DNA 
in root development of Allium cepa^, 
epicotyl of Vida faba^^ and a host of 
others are on record^^. 

The variable content of DNA due to 
differential amplification is characteristic 
of different organs of individuals. The in¬ 
crease in DNA content during differentia¬ 
tion is considered as associated with need 
for rapid and continued protein synthesis. 
The amplification of DNA arising out of 
endomitotic replication of chromonema is 
a mechanism to meet the lequirements of 
protein synthesis during differentiation. 
This method of replication and lateral am¬ 
plification ensures the steady supply of 
DNA imperative for uninterrupted enzyme 
and structural protein synthesis during 
differentiation, without causing any dis¬ 
ruption in the predetermined symmetry 
of an organism by cellular growth^^. 

The need for additional amount of DNA 
during differentiation has been well docu¬ 
mented from series of publications from 
our laboratory. The process evidently is 
under genetic control. It has been sugges¬ 
ted that the plants have a mechanism of 
phylogenetic increase in nuclear DNA 
through polyploidy and repetitive se¬ 
quences. Such additional elements are 
adequate to meet the exigencies of differen¬ 
tiation. In species where there is no 
phylogenetic increase, the organisms had 
to develop an evolutionary strategy of 
ontogenetic increase in nuclear DNA 
through endomitotic rephcation. The need 
for amplification of genetic materials 
it the regulation for differentiation 
is clearly recognized and ontogenetic 
increase too is adequately accounted 
for. 


Phylogenetic increase and additional 
DNA sequences in chromosome archi¬ 
tecture 

The amplification of DNA oi the genetic 
material dunng the ontogeny of an indivi¬ 
dual, as discussed earlier, implies the origin 
and transitory appearance of additional 
genetic mateiial of chromosomes during 
the phasic development of an individual. 
Such a state of chromosome should be 
clearly distinguished from the phylogenetic 
increase, wHch involves the origin of 
multiple copies of DNA sequences in the 
chromosome architecture of peimanent 
genetic stability. Such repetitive sequences, 
as already mentioned, may arise out of 
saltatory replication and unequal crossing 
over. Their wide occurrence in biological 
system has been clearly indicated. Leaving 
aside their probable role in differentia¬ 
tion’^®, which can be accomplished even 
by endomitotic replication in ontogeny, 
a clear understanding of their function is 
essential. 

It is being argued that replication may 
occur due to the capacity of particular 
segments to duplicate in a congenial 
cellular environment without necessarily 
having any possible cellular function. Even 
such DNA may be harmful to the organism 
as in segregation distortor locus in Droso- 
phila. It is, however, difficult to reconcile 
the basic principles of evolutionary tai'gets, 
ensuring maximum efficiency with mini¬ 
mum expenditure with the concept of 
selfish DNA sequences^^. The fact that 
these have been maintained throughout a 
long antecedent period of evolution, surviv¬ 
ing the rigours of selection, is itself an 
evidence of their adaptive significance. 

The properties of amplification, dispersion 
and mobihty have on the other hand 
enabled such sequences to exert a dynamic 
and supreme influence on various facets 
of the life process®*^. 

Functions 

The presence of similar genes at certain 
sites, which may secondarily serve as 
potential loci for accumulation of mutants. 
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may have an adaptive importance. How¬ 
ever, it has been argued that as evolution 
is not anticipatory, such sequences may 
not be regarded as reservoir of mutations. 
It is true that the functional importance 
of amplified sequences is not fully under¬ 
stood, but the evidences for their conserva¬ 
tion in various groups of organisms at 
multiple loci can hardly be ignored. Their 
presence has been recorded as intragenic 
introns in Tetrahymena^^y heterochromatic 
knobs in maize^®, interspersed repeats in 
mouse, Xempus and man^’, moderate 
repeats in species of Lilium}^ and primates 
in general including man, gorula and 
chimpanzee^®. 

There has also been an extensive change 
in DNA content with the progress of 
evolution. Such variations exist within a 
species and among related species and can 
not be necessarily correlated with evolu¬ 
tionary advance or structural complexity. 
On the other hand, in reptiles^® species 
difference has been attributed to the differ¬ 
ence in DNA content In fact, the decrease 
and increase in DNA content have been 
explained on the basis of selection, duph- 
cation and deletion of regulatory sequences. 
In general there is a fifteen fold variation 
in plant families®^. In several cases inter¬ 
specific variation has been correlated to 
geographical parameters such as latitude. 
It is true that the acquisition or deletion 
of DNA sequences leads to G-value para¬ 
dox. The correlation of amplified DNA 
with the volume of the nucleus, cell, 
chromosome size, mitotic cycle and other 
biophysical parameters may have both bio¬ 
logical and evolutionary significance. 

In addition to such non-specific effects the 
importance of amplified sequences in 
higher biological systems has been found 
to be rather varied in nature. The satellite 
DNA is known to have a specific role in 
nbosomal RNA formation®®. It has also 
been observed to occur in a random posi¬ 
tion in early embryogenesis in Drosophila 
viridis^. Such A-T rich sequences have 
been consistently located on nuclear sites 
nearest to the membranes, indicating possi¬ 


bly then role in nucleo-cytoplasmic trans¬ 
fer. Such association may have a significant 
bearing in communication mechanism®^. 
The presence of amplified sequences in 
heterochromatin, which otherwise plays 
an important role in nucleocytoplasmic 
transfer, is relevant in this connection. 
The satellite DNA, because of its homo¬ 
geneity and large number of sequences, 
helps in maintaining the structural inte¬ 
grity of chromosomes. The recogmtion of 
homologous segments during recombina¬ 
tion in meiosis is one of its roles in signalling 
processes. The heterogeneity of repeats, in 
certain cases, is associated with heterozy¬ 
gosity®®. The capacity of transposition and 
interspersion may have profound functional 
significance as well. 

The interspersed repeats possibly play a 
much more important role than the satel¬ 
lite DNA in biological systems. Such 
interspersion of moderate repeats in Lihum 
undergoes specific repair synthesis during 
pachytene^*. Their conservation indicates 
a strong selection pressure for proper 
functionmg of meiosis. The role of such 
amplified sequences in the regulation of 
chromosome structure is manifested in 
their involvement to facilitate pairing®*. 
The continuous addition of amplified sequ¬ 
ences in cultured cells of Drosophila is not 
without any significance durmg selection. 
A very profound role of repeated sequences 
m gene conversion and expression has been 
indicated in fission yeast®®. A very power¬ 
ful tool of genome exchange is the exchange 
between the reiterated genes resulting in 
intergenic conversion and reappearance 
of often active alleles. The exchanges also 
occur within large repeated gene clusters 
of the globin regions of the Asian and 
Caucasian human systems®®. In Saccharo~ 
myces perpuratus, in situ RNA hybridization 
can be achieved only if non-repetitive 
sequences are linked with repeats®*. In 
different oiganisms amplified sequences 
are responsible for coding transfer 
ribosomalRNA histones. All the five genes 
coding for sea urchin histone are repeats®®. 
Various functions, including the role in 
evolution, have thus far been attributed to 
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such moderate and minor repeats showing 
interspersion. 

Similarly inverted repeats or palindromes, 
because of their consistent presence at 
specific loci, could be assigned specific 
functions. They are often termed back 
or snap back DNA. Polymorphism in invert¬ 
ed repeats too is very common®!.*®. More 
than one functions are often attributed to 
palindromes. Intense replication is often 
a special function®®. A large part of com¬ 
paratively long palindromes is associated 
with replication Its role in specific protein 
synthesis at different levels has also been 
suggested®^. 

The recognition of different piocesses at 
DNA and RNA levels, involving deletion 
and translocation of genes, has been visua¬ 
lized®®. The role of amplified sequences is 
quite significant in the recognition of 
cleavage sites, termination of transcription 
and binding of regulatory proteins during 
protein synthesis®® and m attachment of 
chromosomes to each other®^. All the 
different data so far obtained simply indi¬ 
cate that the palindrome serves multiple 
functions and preservation of such loci 
clearly indicates a selective advantage. The 
introns with high degree of repeats are 
capable of giving rise to new translatable 
transcripts and a range of structural pro¬ 
teins through reshuffling of sequences The 
code for different allied antibodies may 
thus be stored in a single gene sequence 
capable of having different exon combina¬ 
tions. The location of repeats in transposons 
allows dispersion to a certain extent. The 
mobility permits dispersion as well as 
accumulation of a segment at a specific 
locus. It is not unlikely that such mobile 
sequences may help in accelerating accu¬ 
mulation of mutations and promotion of 
genetic diversity. 

In spacers the repeats are rather frequent®’. 
Such sequences may often be heterogeneous 
clusters®®. The occurrence of detectable 
dissimilar fifty five gene clusters in Xenopus 
has been taken to suggest a common 
control through a few sequences. In maize 


nonlranscribed spacer sequences contain 
several tandem copies and several sub¬ 
repeating units. 

The term dynamic DNA® proposed for all 
such amplified sequences, having the 
capacity for amplification, dispersion and 
mobility, encompasses clearly the non¬ 
specific and vital functions of cell includ¬ 
ing nuclear behaviour, cell volume and 
chromosome size. The sp>ecific role in 
messenger processing, reshuffling of exons 
or structural sequences and maintenance 
of integrity of chromosome structure, by 
providing padding and through other 
functions, have been clearly brought out 
The repeals are considered simultaneous!)' 
as a natural mechanism for a steady supply 
of genetic diversity The concept of redun¬ 
dancy can hardly be reconciled with opti¬ 
mization of efficiency against rigours of 
selection in evolution. The mobility and 
dispersion of amplified sequences at multi¬ 
ple sites not only promote genetic diversity 
but are strategies against complete elimina¬ 
tion. 

Evolutionary Significance 

It is true that the evolutional y significance 
of reiterated sequences is not precisely 
known Evolutionary growth of a genome 
may involve accumulation of redundant 
sequences which in all possibility have a 
role in genetic regulation It has been 
shown that only a fraction of structural 
DNA codes for structural or enzyme pro¬ 
teins. If the regulatory role is to be 
assigned to repeated sequences along with 
non-specific functions, its quantitative in¬ 
crease should have some relationship with 
increase in complexity at all levels. 

The increase in histological and bio¬ 
chemical complexity must necessarily be 
associated with a quantitative and qualita¬ 
tive acceleration of enzyme activity. 
Both, these facets of metabolism require 
continued transcription and translation. 
Regulatory sequences play a signi¬ 
ficant part in repression and derepres¬ 
sion. In order to meet these demands 
additional amount of DNA is necessary. 
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This extra DNA, whether for non-specific 
or regulatory function, is generally provid¬ 
ed through phylogenetic increase in the 
amount of DNA involving high degree of 
amplification or polyploidy. 

However, in biological systems with pro¬ 
gress in evolution the predetermined 
symmetry of an organ in a complex 
dififerentiated system is an inherent factor. 
In such a system, a large amount of 
DNA is not congenial for growth and 
development which would necessitate 
large cell volume, cell size, long generation 
time and other associated features. In 
order to meet this challenge in evolution, 
the genetic alteration leading to onto¬ 
genetic increase in DNA through endomi- 
totic replication has been adopted as a 
strategy. This genetically contioUed in¬ 
crease in DNA during ontogeny may 
involve pait or whole of genome depending 
on the need for differentiation Once this 
property is acquired at a certain level the 
necessity of phylogenetic increase is mini¬ 
mised. 

In the hierarchy of evolution in advanced 
eukaryotes the amount of DNA specially 
of the repetitive sequences is not as high as 
maybe expected on the basis of the amount 
in lower groups of plants and animals. With 
the moderate amount of repetitive sequ¬ 
ences controlling non-specific factors and 
regulation in the genome, the development 
of the process of ontogenetic increase auto¬ 
matically meets the necessity for additional 
amounts during differentiation. The origin 
of introns in eukaryotes, consisting princi¬ 
pally of reiterated sequences, has a 
significant role in the rearrangement of 
exons to satisfy the need for vaiied gene 
products from a sin^e locus. In fact such 
sequences are satisfying the need of several 
genes from a single gene locus. It is an 
example of optimal eflSiciency through 
amplification without necessarily involving 
a large number of structural genes. The 
evolutionary progress, at a certain level, 
has very likely been associated with the 
addition of amplified, mobile and dispersed 
sequences which are undoubtedly dynamic 


in their property. In order to secure maxi¬ 
mum efficiency in evolution and to meet 
the optimum needs in a differentiating 
system localization of these dynamic sequ¬ 
ences at certain specific loci to control 
regulation and several non-specific and 
vital functions is necessary. The additional 
amount needed, over and above the phylo¬ 
genetic increase, is satisfied by the deve¬ 
lopment of ontogenetic mechanism of 
of DNA amplification. 

In advanced biological systems, including 
Homo sapiens, a balance between phylo¬ 
genetic and ontogenetic increase is one of 
the principal features of evolutiori. The 
G-value paradox can only be accounted 
for through an understanding of the basic 
featuies of evolution which underly 
phylogenetic increment up to a certain 
level, followed by genetic control of addi¬ 
tion of genetic materials during ontogeny 
The evidences for such an approach to¬ 
wards evolution are to be derived through 
experimental induction of phylogenetic 
and ontogenetic increase of genetic 
materials. A synthesis of these two basic 
aspects of evolution would lead to a clear 
undeistandmg of the role cf additional 
genetic materials ir evolution. 
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